University of Pennsylvania

ScholarlyCommons
Theses (Historic Preservation)

Graduate Program in Historic Preservation

2013

Investigation and Analysis of Wood Pathologies in Quincha
Construction at Hotel Comercio in Lima, Peru; With
Recommendations for Its Treatment
Rie Silvana Yamakawa
University of Pennsylvania

Follow this and additional works at: https://repository.upenn.edu/hp_theses
Part of the Historic Preservation and Conservation Commons

Yamakawa, Rie Silvana, "Investigation and Analysis of Wood Pathologies in Quincha Construction at Hotel
Comercio in Lima, Peru; With Recommendations for Its Treatment" (2013). Theses (Historic
Preservation). 233.
https://repository.upenn.edu/hp_theses/233

Suggested Citation:
Yamakawa, Rie Silvana (2013). Investigation and Analysis of Wood Pathologies in Quincha Construction at Hotel
Comercio in Lima, Peru; With Recommendations for Its Treatment. (Masters Thesis). University of Pennsylvania,
Philadelphia, PA.
This paper is posted at ScholarlyCommons. https://repository.upenn.edu/hp_theses/233
For more information, please contact repository@pobox.upenn.edu.

Investigation and Analysis of Wood Pathologies in Quincha Construction at Hotel
Comercio in Lima, Peru; With Recommendations for Its Treatment
Abstract
Quincha has been an integral construction system in Peru for over 2,000 years, adapting and evolving
along with Peru's development as a nation throughout history. This traditional construction system proved
to be extremely efficient in withstanding seismic activity, while being economic, adaptable, and fast to
build. Unfortunately, the tradition of building with quincha in urban areas declined over the 20th century
until it was lost. As a result, building with quincha has been all but forgotten in Lima today. Although
quincha buildings comprise most of the structures in Lima's historic centre, their neglect has caused
them to deteriorate and often collapse. This has led to an extensive loss in Lima's cultural heritage, not to
mention public safety concerns.
This thesis investigates quincha's construction technology in an attempt to safeguard Lima's architectural
heritage, to build more sustainable buildings in a hazard-prone environment, and demonstrate that it is in
fact, an efficient and reliable construction system when build and maintained properly. This study
encompasses archival research, interviews, documentation, laboratory analysis, and pathologies and
diagnosis studies. Hotel Comercio, a three-story archetypal example of adobe+quincha construction
system, was examined and its conditions were studied in order to investigate the pathologies of wood in
quincha and the possible deterioration mechanisms. Wood samples were taken and analyzed
macroscopically and microscopically at the Architectural Conservation Laboratory at the University of
Pennsylvania. Wood and insect identification were conducted, and recommendations for conservation
and treatment of quincha were explored.
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Introduction
Lima, named “City of the Kings” by Spanish conquistador Francisco Pizarro,
was founded in 1535 on the valley of the Rímac River. Lima is a growing modern
city that has had maintained the richness of its historic center, declared by UNESCO
as a World Heritage Site in 1988. The architecture is a reminder of the city’s past as
a land populated by Amerindian groups since 2200 BCE, as the center of the
Viceroyalty of Peru from where the Spanish ruled South America, and as the capital
of the Republic of Peru after its independence from Spain in 1821.
The historic centre of Lima has a rich and diverse urban fabric. Its
architecture is characterized by a mix of styles, descending from eclectic
architectural roots in Spain, France, Italy, and the Middle East. Colonial architecture
was influenced by Baroque, Churrigueresque, Mudejar and Andalusian architecture;
brought by the Spaniards. The influences of these styles on both public and
residential buildings are apparent, but as Lima grew, it developed its own
architecture with unique elements and spatial distributions according to the needs
of the population (Fig. 1.1). Following Peru’s independence from Spain, the
architectural styles gradually shifted to Neoclassical and Art Nouveau. In the 20th
century, Modern architecture and industrial materials arrived in Peru, as in most of
1

the rest of the world, making building construction more efficient, and also allowing
for taller buildings, which satisfied the needs of a growing capitalist country. The
adoption of Modern architecture was a symbol for progress, and gradually it became
the predominant architectural style; thus, the humble construction techniques from
the past were lost and forgotten (Fig. 1.2).

Fig. 1.1 – Lima’s Cathedral and Archbishop’s Palace. Source: Amy Allcock.

2

Fig. 1.2 – Financial Center of the San Isidro District. Source: Manuel Vega Gamiz

1.1 IDENTIFICATION OF THE PROBLEM
Lima’s high concentration of historic monuments built during the Spanish
presence until the beginning of the Republican era, are “typical examples of
Hispano‐American baroque. Also, historic nucleus recalls Lima at the peak of
development of the Spanish Kingdom of Peru.”1 Furthermore, ICOMOS considered
its historic center as an “excellent witness to the architecture and urban
development of a Spanish colonial town of great political, economic and cultural

1

ICOMOS. "World Heritage List." UNESCO. November 1991.

3

importance in Latin America.”2
The neglect of historic buildings in Lima in the past, both by the government
and their owners, has led not only to a loss of the city’s cultural heritage, but has
caused major safety concerns for their occupants, as well. Since there is no
governmental or commercial interest in these buildings, and a lack of interest in
protecting the low‐income residents who occupy them, many are neglected to the
point of total deterioration, often times to the point of collapse (Fig. 1.3).
The alarming amount of historic fabric lost and the concern for public safety,
led individuals as well as institutions to study quincha in the last decades. The
history and evolution of quincha has been explored, but no methodology has been
elaborated for the conservation of quincha buildings. The performance of quincha
buildings against earthquakes and methods to test the condition of the elements and
materials, need to be explored in order for implementation to occur.

2

Ibid.

4

Fig. 1.3 – Collapsed area of Hotel Comercio. Source: author.
5

1.2 METHODOLOGY
The study began as a result of my interest in Peruvian architecture and its
associated cultural heritage, combined with conversations with Claudia Cancino
from the GCI (Getty Conservation Institute). The need for research for the
conservation of buildings constructed with quincha was evident, and I became
inspired by the work of institutions such as the GCI and the PUPC (Pontifical
Catholic University of Peru), to contribute to the study of this unique construction
technique and its conservation.

Site Visits
It soon became apparent that a visit to Peru would be required, since very
little information about quincha could be found in the U.S. Two site visits were
performed. Three weeks were spent in Peru during the Winter of 2011. The time
was employed conducting interviews, visiting archives and libraries, exploring
buildings constructed with quincha, performing photographic documentation, and
collecting samples from Hotel Comercio (case study explained below). The second
site visit was on October of 2012 and was focused on extracting wood samples from
various areas of Hotel Comercio.

Case Study
The Hotel Comercio was chosen as a case study due to its location, historical
significance, condition, ownership, and access. The hotel is located in Lima’s historic
centre as a testament of Lima’s beginnings and its evolution. Its construction, the
adobe+quincha system, is typical of Colonial and early Republican architecture in
6

Lima; a construction system that struggles to survive. The hotel is currently owned
by the Ministry of Culture, which has been very enthusiastic about the conservation
of these type of construction, and facilitated the site visits. Visual examination
throughout the building was performed, and conditions were recorded with
photographs, field notes, sketches and measurements. Additionally, samples were
collected to be further examined in the U.S.

Archival Research and Interviews
Documents concerning the Hotel El Comercio were found at the archives of
the Ministry of Culture’s Bureau of Historical Research. Documentation of the
building such as historical photographs, memorandums, technical reports, condition
reports, notarized letters, and newspaper articles were gathered. In the same
archive, documents of the restoration of two other well known adobe+quincha
houses in Lima, Casa Osambela and Palacio Torre Tagle, were gathered as well.
Furthermore, an interview with engineer Rafael Torres from SENCICO (the
National Training Service for the Construction Industry) was extremely helpful
since he directed me to their library in where publications, some out of print,
regarding historic quincha and modern quincha were found.
Publications about Peruvian native woods commonly used in construction
was found during a visit to the Department of Forestry of UNALM (National
Agrarian University of La Molina). Additionally, an interview with engineer Manuel
Chavesta Custodio, whose specialty is anatomy and identification of wood and wood
technology, was conducted.
7

Other libraries such as the Ministry of Culture’s library and the National
Library were also visited in order to find any publications referring to quincha,
construction in Peru, or Peruvian Architecture.

1.3 DELIMITATIONS
The adobe+quincha construction is a system, and as such it has problems that
are unique to this type of construction due to the compatibility (or incompatibility)
of the superimposition of one (quincha) over the other one (adobe). However, the
scope of this thesis would not address the conservation of adobe. It was decided
that the study would focus on quincha and would only address the adobe as it
relates to the quincha. This decision was based on several factors. For one, both
consist of very different materials and techniques of construction and because of
time constraints, it would be very difficult to address the analysis and conservation
of both. Another reason is that there are very few studies analyzing the condition of
wood in quincha and its conservation, focusing on quincha was determined to be the
more pressing issue to study.
The Hotel Comercio is partially occupied on the first floor; therefore, these
areas could not be inspected during the site visits. Moreover, the observations
made are limited to the areas of the building that were already exposed.
Recommendations on this thesis are based on the observation and analysis of
the Hotel Comercio in hopes that they will be applicable to other buildings
constructed with the same system.
8

1.4 OBJECTIVES
‐

Survey – gather data

‐

Study quincha as a construction system

‐

Analyze modes of failure – identify decay process – pathologies

‐

Research available testing methods for diagnosis

‐

Research NDT for material testing

‐

Document and assess current conditions of case study

‐

Research wood properties and types of wood used in the coast of Peru

‐

Recommendations

1.5 LIMA AND ITS CONTEXT
Peru is a country in South America, bordered by Ecuador and Colombia on
the north, Brazil on the west, Bolivia on the southeast, Chile on the south, and the
Pacific Ocean on the west. Peru has two official languages: Spanish, which was
introduced by the Spanish conquistadors in the 16th century, and Quechua, which is
an Amerindian language and official language of the Inca Empire. The country is
divided into three contrasting topographical regions: the coast (costa), the highlands
(sierra), and the eastern rain forests (selva).
Peru lies near the boundary of the Nazca and South American Tectonic
Plates, which is a seismically active area. One of the countries’ most devastating
quakes on record occurred in May 1970 when a 7.9 magnitude earthquake killed
66,000 people.
9

Peru’s capital and largest city, Lima, is located at an altitude of 107 meters
above sea level, with geographical coordinates of 12° 3’ south and 77° 2’ 60” west.
Lima is located in Peru’s Central Coast, and bounded by the Rímac, Chillón and Lurín
rivers (Fig. 1.4).
Although Peru's seaboard is situated well within the tropical zone, Lima does
not display an equatorial climate; average temperatures range from 21 °C (70 °F) in
January to 10 °C (50 °F) in June (Fig. 1.5).
Lima has received the bulk of rural migrants, and by the mid‐1990s the
metropolitan area of Lima supported nearly one‐third of the total national
population.
The total number of migrants living in Peru in 2000 was 46,000. In 2004,
remittances were $1.3 billion, 5% of GDP. In 2005, the net migration rate was an
estimated ‐1.0 migrants per 1,000 populations. The government views the
migration levels as satisfactory.

10

Fig. 1.4 – Map of Lima. Source: AgainErick
11

Fig. 1.5 – Monthly Average Temperatures and Precipitation for Lima, Peru. Source:
The Weather Channel.

12

1.6 HISTORIC BACKGROUND
The area that is presently Lima had been occupied by Amerindian groups
such as El Paraíso (2500‐1800 BC), Chavín culture (900 BC‐200 AD), Lima culture
(100‐650 AD), Wari Empire (600‐1100AD), Chancay and Ichma polity (1110‐1440
AD) and the Inca empire (1440 AD). These groups left a great number of complexes,
which included irrigation systems, agricultural terraces, and temples (Fig.1.6).

Fig. 1.6 – Huaca Huallamarca (Lima Culture). Source: author
Spanish conquistadors arrived to South America, and after numerous
confrontations with the natives, Inca Atahualpa and his army were defeated in 1532.
Leader of the Conquistadors, Francisco Pizarro founds Lima as his capital in 1535.
Pizarro chose Lima because of its proximity to the Pacific Ocean, its mild weather,
and the abundance of water, which made it suitable for agriculture. In 1537,
13

Spanish emperor Charles V confirms the founding of the city, granting a coat of arms
for it.
In 1542, Lima was designated capital of the Viceroyalty of South America,
and the site for the Real Audiencia in 1543. This meant that all Spanish South
America would be ruled from Lima, making it grow in prestige and power. Callao,
the Spanish main port and Peru’s largest and most important port until today,
played an important role in the economic prosperity of Lima. All trade from the
Viceroyalty was required to go through Callao to later go through the Isthmus of
Panama and make its way to Seville, Spain. This made the rest of the viceroyalty
dependent on Lima’s administrative matters since all wealth of the colony from the
silver mines had to go through Lima, as well as all imported goods from abroad.
Following the establishment of a Roman Catholic diocese in 1541, Lima
became an important religious center. Many religious orders settled building
magnificent monasteries still standing today, such as the convents of San Francisco,
Santo Domingo and San Agustín.
Lima played an important role in the history of the development of the
continent. The UNMSM (University of San Marcos), the first institution for higher
education in the Americas, was established in Lima in 1551. It is the oldest
continuously functioning university in the Americas. Furthermore, a print shop
opened in 1581; this was the second print shop in the Americas and first print shop
in South America.
By 1687, Lima continued to expand and its population grew to around
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80,000. However, the Viceroyalty’s decline was inevitable. Two powerful
earthquakes destroyed most of Lima leading to epidemics and food shortages.
Another earthquake in 1746 severely damaged Lima and destroyed Callao. The city
went through a massive rebuilding campaign, which deplored the Viceroyalty’s
resources. Additionally, the silver and gold treasures going in and out of Callao
made the port susceptible to pirate attacks, being some of the most famous Jacques
L’Hermite, who wanted to capture Spanish silver ships and establish a Dutch colony
in the Viceroyalty, and Sir Francis Drake, who captured eighty pounds of gold, a
golden crucifix, jewels, thirteen chests full of royals of plate and twenty‐six tons of
silver in a single ship. The constant pirate attacks affected the Viceroyalty
economically, so between 1684 and 1687 city walls were built around Lima, as well
as the fortress of Real Felipe (Fig. 1.7).
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Fig. 1.7 – Map of Lima in 1885. Drawn by Pedro Nolasco Mere
By the early 19th century, Lima was declining economically and losing its
influence over other regions of the Spanish Empire in South America. The Bourbon
reforms transferred the mining region of Upper Peru (present Bolivia) to the
Viceroyalty of the Río de la Plata, making the city of Lima dependent on Spain. This
dependency made the Viceroyalty reluctant to independence, ideas brought by the
rest of the Spanish colonies. However, in 1820, patriot armies led by José de San
Martín and Simón Bolívar defeated the Spaniards and invaded Lima. The
Declaration of independence was signed on July 1821, but battles continued until
1824 with the final Battle of Ayacucho. In 1866, Spaniards attempted to regain
possession of Peru, but failed; and in 1871 an armistice was signed and Peru’s
16

independence was finally recognized by Spain in 1879.
After the war, the Viceroyalty of Peru became the Republic of Peru with Lima
as its capital. Political turmoil and lack of economic resources made it very difficult
for the new country to recover; nevertheless, guano exports in the 1850’s allowed
several improvements on the city’s infrastructure. The city funded several public
projects to replace colonial establishments such as the Central Market, the General
Slaughterhouse, the Mental Asylum, the Penitentiary, and the Dos de Mayo Hospital.
Additionally, a railroad connecting Lima and Callao opened, the first railroad in
South America; and gas lighting and the telegraph were installed. Lima’s city walls
were torn down in 1872 to allow for the city’s expansion.
Peru’s development became stagnant once again with their involvement in
the War of the Pacific, in which Chile defeated Peruvian and Bolivian forces. Chilean
troops occupied Lima from 1881 to 1883, destroying and looting museums, libraries
and educational institutions. Peru was forced to sign the Treaty of Ancón in 1883, in
where the provinces of Tarapacá and Arica were surrendered to Chile.
After the war, Lima went through a period of urban renewal to accommodate
for the growth of population in downtown Lima. New neighborhoods were
established, big avenues were constructed, and buildings such as the Government
Palace were rebuilt. Unfortunately, another earthquake destroyed most of the city
in 1940; many of these buildings were built in adobe+quincha. Increasing
industrialization and modernization led to a massive migration of people from the
Andean regions of Peru, creating huge shanty towns without proper infrastructure.
17

The population in Lima grew from 176,000 in the 1920’s to 1.9 million by 1960 and
4.8 million by 1980, causing the collapse of public services. Today, Lima is the
fourth largest city in the Americas with a population approaching 9 million, behind
Sao Paulo, Mexico City and New York City.
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Quincha Construction
2.1 DEFINITION
According to the Royal Spanish Academy3: Quincha.
(From Quechua qincha, fence or palisade).
1. f . Am. Mer. Straw, reed or cane wall or roof reinforced with a weave or
bulrush frame.
2. Chile, Ec. and Peru. Wall made of reed, sticks or other similar material usually
covered in mud. Used in fences, huts, corrals, etc.
The word quincha has its origins in Quechua, the language of the American Indian
people of Peru. According to Luis Cordero Crespo, it means “wall or fence built with sticks
or poles.”4 However, the term became more than just a wall made out of sticks. In Peru, it
was used to describe a distinctive construction system that used a wood frame within the
city or in rural areas.
In the Historic Centre of Lima, quincha evolved and adapted according to the city’s
seismicity, climate, availability of materials, construction traditions, aesthetics and econom‐
ics. Quincha, which is fundamentally a wooden frame filled in with interlaced cane and cov‐
ered with mud, is used in combination with adobe. Buildings were typically two or three

3

Real Academia Española. Diccionario de la Lengua Española. 22 Ed.
Castellán, Feruccio. Antecedentes Históricos de la Quincha, 1989. pp 3.

4 Marussi
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stories, where adobe was used on the first story, and upper stories were built with quincha.
This light and flexible system proved to be very efficient against seismic movement.

2.2 HISTORY AND EVOLUTION OF QUINCHA
Quincha as we know it today has its precedents in pre‐Hispanic construction.
Quincha started to be used in the coast of Peru due to the availability of cane and mud, and
the climatic conditions, which made quincha the most suitable construction system for the
region. It was very elemental and was used to build housing for the masses. Tree branches,
trunks and wood logs were used for the structural frame, while cane was interlaced and tied
to the frame to form the walls. Very simple techniques were used, both for connecting piec‐
es of wood and for tying elements to each other. Huascas, which is also a Quechua term, are
leather strings made from cow or lamb used for tying. Also, rope made out of vegetal fiber
was often used. The frame and walls were then covered in mud, or could also be left ex‐
posed.

Colonial quincha, on the other hand, was the result of the adaptation of
Spanish construction techniques and the need for new building types. At the
beginning of the Colonial period, buildings were erected according to Spanish
traditions and stone was the material of choice for monumental buildings along with
brick, which started to be produced in 1538 for the construction of the Santo
Domingo Convent.5 However, the production of brick remained limited due to a
shortage of firewood. This led to the development of alternative construction
methods, in where brick was only used for pillars and buttresses of adobe walls.
5 Ibid.

pp 11.
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The sense of structural stability that stone and brick gave to the buildings
was only apparent, since the high seismicity of the coast of Peru made buildings
collapse. Buildings built with stone and brick work properly in compression;
however, the performance of the structure under tension is poor, resulting in failure
of the structures. Many changes such as adding thickness to the walls, using
buttresses and vaulted arches were implemented, but these did not improve the
performance of buildings. Lima was in a constant state of destruction followed by
the rebuilding of the city.
A concern for people’s safety and the pressures of a growing city, led to the
adaptation of quincha for colonial buildings. Builders realized that vernacular
buildings made with quincha performed better during earthquakes, and in an effort
to improve the construction at the time, indigenous techniques were adopted. The
lighter and more flexible construction system went through a process of trial and
error. In 1666, Friar Diego Maroto used a wooden framework for the vaults of the
central nave of the Santo Domingo Convent, substituting the deteriorated previous
coffered ceiling.6 The next big step in adapting quincha was in 1675, when “Manuel
de Escobar and the Portuguese architect Constantino de Vasconcellos perfected
Maroto’s use of quincha for the reconstruction of the Convent of San Francisco.”7
Buildings that used quincha suffered minor damages during the earthquake of 1687,
and none of these collapsed. As a result, the use of quincha was adopted throughout

6 Ibid.

pp 12.
Hurtado, Pedro. "Estructuras Abovedadas de Quincha en el Virreinato del Peru." pp 5.

7 Valdez
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the city, while the use of brick and stone was reduced and limited to the
construction of foundations, and lower portions of walls and columns. Quincha
became popular since it proved to be safer against earthquakes, inexpensive and
faster to build with. In addition, plaster, which was introduced by the Spaniards,
made it possible for buildings to be finished giving them the appearance of a stone
or brick building, which was very important for the City of the Kings.8
In 1702, a law was passed in the city of Lima, enforcing the use of quincha in
the upper stories of every building. After the earthquake of 1746, Viceroy Manso de
Velasco implemented many regulations addressing building safety, and quincha was
intensively adopted and massively used for the construction of both public and
private buildings.
From the middle of the 19th century on, the population of Lima grew rapidly,
driving many of the wealthier residents out of the city’s historic center and into the
suburbs. Many houses owned by the middle and upper classes were abandoned, to
be later occupied by the city’s escalating lower‐class demographic. The houses were
divided into several units, commonly with a large number of occupants in each unit.
The over‐occupancy, combined with the general lack of maintenance and
devastating earthquakes, exacerbated the deterioration of the buildings.
The introduction of reinforced concrete, cast iron and steel at the end of the
19th century, combined with the poor performance of the quincha buildings in the

8

Ibid. pp 1‐2.
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last years, led to the banning of the use of quincha in the 1960’s since it was thought
to be unstable and unsafe. Consequently, the tradition of building with quincha in
urban areas was lost.

Origin
Aesthetics
Type of
construction
Attachement
of elements
Wood

Pre‐Hispanic Quincha
Pre‐Hispanic cultures on
the coast of Peru
Simple and rustic
Housing for peasants
Simple techniques
Elements were tied to
each other
Logs

Colonial Quincha
Vernacular techniques with Spanish
contributions
More complex and with fine finishes
Urban housing and monumental
architecture
Carpentry techniques with more
sophisticated joinery
Elements were nailed to each other
and often tied
Wooden scantling often carved or
turned

Table 2.1: Characteristics of pre‐Hispanic quincha and Colonial quincha

2.3 MATERIALS
Stone
Large stones were used for foundations. These were taken from the Rímac
river.

Adobe
Building material made out of mud, clay, water, and a fibrous or organic
material, such as animal hair or dried grass, shaped into bricks and dried under the
sun.

Wood
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Local mangrove wood was used until the city faced a shortage of wood. In
1551, a series of ordinances were approved by King Charles V, which included
prohibiting the cutting of fruit trees in the city, prohibiting the cutting of trees
without the council’s permission, and the planting of trees by property owners
became a requirement.9
In the second half of the 16th century, wood started to be imported from
Ecuador, Panama and Nicaragua. Later, when reliable transportation through the
Andes was established, tropical woods were brought to Lima with the most common
used in construction being Miroxylon peruiferum (Estoraque), Aspidosperma
macrocarpon (Pumaquiro), Ormosia coccinea (Huayruro), Brosimun uleanum
(Manchinga), Hura crepitans (Catahua amarilla), Capaifera officinalis (Copaiba),
Podocarpues sp. (Diablo fuerte), and Cedelinga catenaeformis (Tornillo).

Cane
Cane was used to fill the spaces in between the studs. The cane used in
quincha walls must be dried and with no signs of cracking or rot. The carrizo, caña
brava, and guadua/bamboo are the most used for quincha because of their proven
effectiveness and availability. The Carrizo (Chusquea spp.) is a hollow and rounded
cane, with nodes strategically placed so that it avoids rupture when bent. Carrizo
strips have resisted forces of 1,000 kg/cm² on tensile tests, due to the concentration
of fibers in the outer layer, which makes the cane stronger.10 Carrizo grows near

9 Marussi
10

Castellán, Feruccio. Antecedentes Históricos de la Quincha. pp 11.
SENCICO. Quincha PreFabricada: Fabricación y Construcción. pp 10.
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rivers, lakes, and beaches, and its growth is very rapid, reaching maturity at two
years.
Caña brava (Gynerium sagittatum) is another type of cane that is used in
quincha construction. Its leaves grow very strongly adhered to the stem, resulting in
a very dense structure, which makes the cane very durable. It also grows near
rivers, lakes, and beaches, and it is considered mature when it starts blooming. The
diameter for both the carrizo and the caña brava should be of ½ to ¾ inches and cut
to a predetermined length.
Bamboo (Guadua angustifolia) is also widely used in quincha due to its
strength and growth rate. Bamboo is easy to bend and cut when wet, and becomes
very firm when dry. It is estimated that bamboo grows from 15¾ to 31½ inches (40
to 80 cms) daily, and can reach up to 131 feet in less than two months, being
suitable for its use in construction in approximately three years after being planted.
The bamboo has a diameter of 2 1/3 to 4 in; therefore, it should be cut in half

Mud
Clay, silt, sand, water and straw were mixed in specific proportions to create
mud to cover the surfaces of the walls. According to Hurtado, the proportions of this
mud were: “15% of clay, 10% of silt, 55% of sand, and 20% of water. Animal hair
and straw were added to the mix.”11

11 Valdez

Hurtado, Pedro. "Estructuras Abovedadas de Quincha en el Virreinato del Peru." pp 6.
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Lime plaster
Lime plaster was introduced by the Spaniards in the 16th century. It was
used to cover the mud, so the surface could be finished, and also served as a
protective layer.

Huasca
Cow or ram skin strips used to tie members of the wood frame. This is the
only material in quincha not used in the present.

Nails
Used to attach the elements.

2.4 QUINCHA IN THE CONSTRUCTION SYSTEM
Even though quincha has been used in Peru continuously throughout history,
most technological advances were developed during the XVIII century. Quincha was
widely used and adapted, so buildings became larger and more embellished.

Foundation and First Floor
The structural system consists of members that carry and transfer loads. The
adobe‐quincha system that developed in the Historic Centre of Lima, uses heavier
materials at the bottom of the building, moving to lighter ones at the top, with
transitions in between. Stone with a lime based mortar was used for the
foundations and areas close to the ground. This was followed by adobe for the
supporting walls of the first floor, and finally quincha for the upper floors.
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Quincha
Planning for the Frame
The basic structure of quincha consists of rectangular wood panels, that
would resist dead and live loads by transmitting the weight to the adobe or brick
walls supporting the frame. It was very important for the wood to not bend or warp
due to the forces of compression as well as forces of wind and seismic activity.
A horizontal beam called entramado/solera (sill plate), which was placed
along perimeter at the top of the adobe wall, provided a flat and even surface for the
quincha wall. The entramado served to attach posts of the wood frame to the adobe
wall, as well as bracing the latter one to avoid separation of the material in the case
of an earthquake. It also received and distributed the weight to the adobe wall
underneath it.

Floor framing
Beams were embedded into the adobe wall. Occasionally, columns were
placed if spans were too large. Joists supported by the beams were also embedded
into the adobe walls and run perpendicular to the beams. The standard joist spacing
was (34 to 40 cms). Both beams and joists were connected to other pieces using
halved joints or plain laps to extend their length. The subfloor fell directly over the
joists, and finally the flooring.
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Wall Framing
Studs were joined to the entramado by using very long tenons that allowed
the studs to move vertically in the case of seismic activity without detaching from
the entramado. The standard stud spacing was 12 to 31 inches (31 to 80 cms), with
the spacing measured from center to center of the stud.
Bridging, which is a traditional feature of wood framing is also used in
quincha. Puntas/puentes (horizontal wood blocking) and tornapuntas (diagonal
bracing) were placed to provide additional support to the structure. Puntas ran
between the studs at about 3½ ft. (110 cms) above the entramado, while
tornapuntas ran diagonally from the entramado to the punta. The area between the
entramado and the punta, was then filled with adobe bricks to serve as a transitional
component in between the adobe wall and the quincha. The adobe bricks, being
heavier than the rest of the frame, lowered the center of gravity, which increased
the stability of the structure and made it more effective in resisting wind loads and
movement produced by seismic activity.
The wood members were either nailed or tied with huascas, which were cow
or ram skin strips of about ¾ inches (2 cm) thick. The huascas allowed movement
to occur without damaging the building, creating movement joints which helped
dissipate the vibrations and avoid the collapse of the structure. Huascas were tied
while they were still humid, so that pressure would increase by the retraction of the
material when dried, while keeping the joint flexible.
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Finish/Enclosure
Interlaced cane was used to fill in the areas in between the studs. These
created an even surface acting as a shear wall to resist lateral forces, such as wind
and seismic activity.
The surfaces of the walls were later covered by a layer of mud, which
protected the materials from the environment, served as insulation and as
acoustical barrier. It was also very easy and fast to repair when it cracked due to
seismic activity.
A layer of plaster was applied to seal the mud, which added to the versatility
of the humble materials since this could be finished in different ways. This was
important for the officials in the city who could not envision the center of the
Viceroyalty built with adobe and wood. In some cases a thin layer of cactus juice
was applied to the surfaces as a waterproofing agent.12

Roof
The roof framing for quincha buildings in Lima are very simple due to the
mild weather conditions. With 1/3 to 1 inch of rainfall per year, and the lack of
snow, roofs could be flat and with a minimal slope. The roof was very light, with
wood joists covered with cane, a layer of about 1½ inches of mud, and straw or
another waterproof material.

12

Ibid. pp 6.
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possible pathologies of wood in quincha
Using wood as a building material has many advantages. Building with wood
can be very simple and the tooling costs needed to fabricate structures are relatively
low when compared to other building materials. It is also ideal when using it to
build a single structure, or for mass production. Wood’s high strength to weight
ratio, its excellent thermal insulation qualities, and its unique aesthetic makes it
very appealing. Furthermore, wood can be farmed, adding to the uniqueness of this
construction material given that brick, stone, metal and plastic are all derived from
exhaustible mineral sources.
This chapter will give a comprehensive discussion of wood pathologies. It
will begin with a survey of conditions commonly afflicting wood. A thorough
description of the biodeterioration process, the most common cause of wood decay,
will be examined. Finally, additional causes of wood deterioration will be looked at.
This chapter will focus solely on the causes of wood pathologies; treatments of these
pathologies will be discussed in later chapters.
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3.1 CONDITIONS GLOSSARY
Stains
Stains are discolorations on the surface of the wood due to physical or
chemical interaction between the wood and a foreign material. Stains can be
caused by substances coming in contact with wood and getting trapped in the pores
and indentations of the wood. Fungi also discolor the surfaces of wood depending
on the type of fungi attacking the wood.

Cracks
Individual fissures visible to the naked eye resulting from the separation of
one part from the other. Cracks can be stable or unstable. Stable cracks are when
the separation of materials is not progressing in length, which means that the forces
that caused it in the first place may have dissipated. When the forces are still
present, the separation of materials will continue resulting in an unstable crack.
These might be a concern as they continue to progress, jeopardizing the integrity of
the structure. If a crack is determined as unstable, it is necessary to monitor them in
order to know the rate of the separation of materials.

Fracture
Crack that crosses completely the piece of wood.

Fragmentation
Complete or partial breaking of wood into pieces of variable dimensions.
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Detachment
Separation of parts or areas that are supposed to be connected are no longer
connected.

Perforations (from insects)
Single or series of surface punctures or holes created by insects. The sizes of
the perforations are millimetric to centrimetric scale, and are deeper than they are
wide. The shapes vary depending on the organism attacking the wood, possibly
cylindrical or conical.

Cavities / Tunneling (from insects)
Single or series of holes of centrimetric scale, larger in size and deeper than
perforations. The shape of the holes is uneven and elongated.

Voids / Material loss
Empty spaces or gaps in where it is obvious that wood existed previously.

Presence of frass or fecal pellets
Accumulation of pellets on the surface or in the interior of the wood.

Deflection / Warp / Bending of wood
Change in shape without losing integrity

Repairs
Full replacement or partial replacement (Dutchmen)
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3.2 BIOLOGICAL DETERIORATION
Wood decay is inevitable, but its service life can be extended by
understanding the factors that accelerate its decay and taking measures to slow
down the rate of deterioration to ensure adequate performance.
Recognising Wood Rot and Insect Damage In Buildings13 uses characteristics
found in wood such as fruit‐bodies, strands, mycelium, and appearance of wood to
identify fungal growth, molds and insects causing damage. The book presents
diagrams and colored photographs with possible symptoms that are easy‐to‐follow
to aid recognition. It also discusses methods for treating damaged wood.
Another great source is Conservation of Wood Artifacts by A. Unger, A.P
Schniewind and W. Unger.14 This book discusses in great detail the structure,
properties and behavior of both recent and historical wood, the process of
biodeterioration of wood and the organisms responsible of the deterioration, the
different testing methods for diagnosing conditions, treatments including
advantages and disadvantages of each of the treatments discussed, and the use of
consolidants and fillers.
Deterioration of wood may occur due to weathering, leading to the
decomposition of the surface layers of wood. Exposing dry wood to aerobic
conditions results in darkening of the wood and may even form splits. However, the
effects of weathering alone are very minimal.
Bravery, A.F., et.al. Recognising Wood Rot and Insect Damage in Buildings. 2010
Unger, Achim, Arno P. Schniewind, Wibke Unger, and George Clapp Vaillant Book Fund. Conserva
tion of wood artifacts: A handbook.
13
14
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The most detrimental form of wood deterioration is caused by wood
destroying organisms such as insects, fungi, and bacteria.15 These attack wood only
under anaerobic conditions and will leave marks on the wood surface or in its
interior, such as frass and fecal pellets. Insects alter the macroscopic structure of
sapwood or earlywood, leaving a system of exit holes characteristic to each species.
Fungi, on the other hand, cause discoloration or even cracks on the surface of the
wood.
The necessary and sufficient conditions for biodeterioration to occur include
moisture, oxygen, adequate temperatures, and a source of food. Although the
level of dependency of each one varies according to the organism present, all of
these conditions must be present in order to sustain the organisms that attack the
wood; if one condition is removed, biodeterioration cannot occur.
The adequate presence of moisture content, 20% or above makes the wood
susceptible to decay. Moisture content also determines the types of organisms
present and the rate at which the wood deteriorates. Fungi and insects require
moisture for many metabolic processes. In the case of fungi, moisture provides a
diffusion medium for enzymes that degrade the wood structure. When water enters
the wood, the microstructure swells until the fiber saturation point is reached,
water then gets collected in the cell cavities, and fungi can begin to degrade the
wood.

Only organisms that are prevalent in Lima, Peru will be examined. Other organisms, however
common they may be to other geographic regions, have been omitted from this discussion.
15
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Fungi require oxygen in the air for respiration, being the ideal content
estimated to be 1 to 2%.16 However, mycelia growth rate dependence on oxygen
varies from specie to specie. While depriving them of oxygen seems logical, it is
very impractical.
Temperature greatly influences the life cycles of organisms. Larval activities
cease when the ambient temperature falls below certain levels or rises above
certain levels depending on the organism. Even though most organisms thrive at a
temperature range of 70 to 85 ºF, some are capable of surviving through a wider
range. Most organisms’ metabolisms slow down at below 32 ºF, but when the
temperature rises, they continue to attack the wood. Additionally, when the
temperature rises above 90 ºF the growth of organisms decline.
Organisms use wood as a food source. Some insects attack only hardwoods,
others only softwoods, and another group can attack both. Treating the wood with
preservatives is efficient against infestation as long as the treatment envelope is
adequate and has not been broken. Also, some wood species are more resistant to
attack, but this resistance can be reduced by weathering and leaching.

Fungi
Fungi are organisms that break down and utilize wood as a food source.
They have four stages of development: spores, hypha, mycelium, and fruit body.
Spores are the sexual or asexual reproductive cells (depending on the type of fungi
present). They are found in almost every exposed surface because they are
16

Unger, et. al. Conservation of wood artifacts: A handbook. pp 98.
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produced in large quantities and are widely spread by wind and insects. When
moisture is present, spores absorb the water, swell and germinate resulting in germ
tubes. Hyphae are tube‐shaped fungal cells hat secrete cellulose, hemicellulose, or
lignin and absorb the degraded material to complete the digestive process.
Mycelium is the combination of hyphae, and its function is to decompose the wood.
Fruit bodies are multicellular structures that bear spore deposits. They vary in
shape and morphology, thus are crucial in the identification and taxonomy of fungi.
Wood rotting fungi affecting structures cause damage by breaking down the
walls of wood cells, resulting in the loss of strength of the wood. Brown‐rot, white‐
rot, fungal stains, and surface molds will be discussed since the necessary and
sufficient conditions for them to flourish in Lima, are likely to be present.

Brown‐Rot
Brown‐rot fungi attack primarily the cellulose and hemicellulose of the wood
cell wall, exposing the lignin to oxidation by the air giving it its characteristic
brownish color. Brown rotted wood becomes brittle and causes cracks along and
across the grain. This fungus is probably the one causing the greatest damage in
buildings, since the decomposition they cause results in weight loss, reduction of
mechanical strength and volumetric shrinkage of the wood. Most brown‐rot fungi
attack softwoods.

White‐Rot
White‐rots differ from brown‐rots in that they attack the cellulose,
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hemicellulose and the lignin. White‐rots usually decompose lignin at a higher rate
than cellulose; this explains the whitish or light tan color of wood attacked by white‐
rot fungi. White‐rot fungi increases swelling and decreases strength; however, it
causes less reduction of strength when compared to brown‐rot because the
cellulose is not attacked as much. The wood attacked by wet‐rot fungi is also spongy
when wet, soft in texture, and with individual fibers that can be peeled when dry.
Most white‐rot fungi attack hardwoods.

Fungal Stains and Surface Molds
Fungi not causing wood rot can be found, such as stain producers and molds.
They cause surface and internal color changes in the wood. They are not
detrimental to the performance of the wood in buildings; however, their presence
can indicate conditions favorable for decay fungi to occur.
Fungal stains can cause various (irreversible) discolorations in wood
depending on the species present such as brown, red, pink, green, and blue, being
the latter the most important. Blue stains (Ceratocystis spp.) can be found on dead
wood in service of softwoods, hardwoods, and some tropical woods. Blue stain in
painted woods occurs when they are exposed to moisture, which can cause paint
flaking and decay.
Mold fungi also cause discoloration in both unfinished and painted wood
when air humidity and moisture content in the wood are high. It does not have an
effect on wood strength, but they can damage wood surfaces, as well as paints and
varnishes.
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Fig. 3.1 – Joist from Hotel Comercio exhibiting white and gray stains. Source: author.

Fig. 3.2 – Beam from Hotel Comercio with peeling surface and staining. Source:
author.
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Wood destroying insects
Insects are the most important and frequently found pests attacking wood.
They use wood for food, shelter, and breeding. They are often called xylophagous, a
word derived from the Greek xulaphagos meaning “eating wood” from (xulon)
“wood” and (phagein) “to eat”.
There are six orders of insects that cause wood damage. The beetles
(Coleoptera), termites (Isoptera), ants (Hymenoptera), wasps, and bees. Their
growth depends on nutrients, wood moisture content, and temperature.

Coleoptera (Beetles)
Anobiidae Family (Furniture beetles)
Adult beetles of the Anobiidae family are only a few millimeters in size and
are brown in color. The larvae are a few millimeters in length, white to yellowish in
color, and C‐shaped. They attack untreated timbers, leaving circular exit holes that
measure 1‐4 mm in diameter.
Ptilinus pectinicornis
Ptilinus pectinicornis are present in South America as well as other parts of
the world, including Mexico, certain countries of Europe, and Asia Minor.
Adults are dark brown with cylindrical bodies of 3‐5.5 mm long. The eggs are
very thin (0.075 wide and 1.5 mm long). The larvae are golden yellow and 7
mm long. Galleries are circular in cross section. The frass is very fine, and
the fecal pellets are pointy at one end. They attack hardwoods with small
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pores leaving exit holes of 1‐1.5 mm in diameter. These beetles are very
destructive and the interior of wood can become completely destroyed.
Oligomerus ptilinoides, Nicobium castaneum, Nicobium hirtum Illiger
These beetles are found in Mediterranean climates. Adults have cylindrical
bodies of 3‐6 mm long. Fecal pellets are the color of the wood and shaped
like shelled peanuts. They attack both hardwoods and softwoods, and their
exit holes are 1‐1.3 mm in diameter.

Lyctidae Family (Powder Post Beetles)
Adults are brown and a few millimeters in length. They attack only the
sapwood of hardwoods and tropical woods, and require very low moisture in order
to survive (wood with moisture content above 8 percent).
Lyctus brunneus
These can be found throughout the world, especially in the tropics. Adults
are reddish brown to dark brown, and measure 2.5‐8 mm long. The eggs are
elongated, and the larvae are whitish, 6mm long and C‐shaped. The frass is
extremely fine and light colored. They cause great damage pulverizing the
sapwood, usually leaving only the surface layer. Exit holes are circular and 1‐
1.5 mm in diameter, and the galleries are 1‐2 mm wide.

Bostrychidae Family (Auger Beetles)
Present in the tropical regions of Africa, South Asia and the Americas. Adults
are brown to black and 3‐30 mm long depending on the species. Larvae are whitish
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and C‐shaped. Both larvae and adults bore into wood of dense hardwoods and
heartwood of hardwoods causing great damage. The entrance bore holes and
galleries are circular, and the exit holes are 2.5‐12 mm depending on the species.
Apate monachus, Heterobostrychus brunneus, Dinoderus minutes

Cerambycidae Family (Longhorn Beetles)
These beetles are larger than beetles from other families (10‐30 mm), and
usually have very long and curved antennae. They attack living, freshly harvested
wood, and wood in service, depending on the species.
Dynastes Hercules, Macrodontia cervicornis

Isoptera (Termites)
Dry‐wood Termites
Dry‐wood termites attack wood that does not have direct contact with the
earth and with low moisture content (5‐6%). Their channels are large and have
smooth walls extending many directions. Dry‐wood termites constantly clean their
nests by chewing holes and kicking out the debris, leaving piles of frass and fecal
pellets below the infested wood, which is a good sign of attack.

Subterranean Termites
Subterranean termites attack all types of wood, but require moisture;
therefore, they nest in the ground. They attack aboveground wood by building
galleries, which are tubes built with earth, wood particles and fecal matter. These
tubes shelter them from light and carry moisture to the wood. They differ with the
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dry‐wood termites in that the subterranean termites’ galleries contain earth (dry‐
wood termites’ galleries are clean and smooth) and would never contain fecal
pellets.

3.3 POSSIBLE CAUSES AND INFLUENCING FACTORS
Water
Green wood has very high moisture content, varying typically from 60 to
200%. In the process of drying, free moisture is first lost from the cell spaces, which
involves little change in physical properties, except for a change in density. Wood
has a porous cellular structure, which makes it very vulnerable to water
penetration. Wood looses strength when moisture content increases. It also makes
wood susceptible to biodeterioration.
Water infiltration from precipitation is not a major concern since rainfall is
very low in Lima. It receives around 1.2 inches of rainfall per year, which occurs in
form of morning drizzle. However, water leaks are known to be detrimental for
buildings, especially if these go undetected for long periods of time. These can be
caused by punctures, fracture, cracks, microcracks, or inadequate sealing between
components of the water supply or the wastewater system, causing water to escape.
Historic buildings are more susceptible to leaks because of the age of its
components such as pipes, tubes, or valves, which have been subject to wear and
aging over the course of the years. This condition can be aggravated with
unoccupied or unattended buildings, since leaks can go on undetected causing
severe damage to wood and even building failure.
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Wood as a Construction Material
Natural Durability
Natural durability refers to the resistance of wood against decay and
biological hazards such as fungi and insect attack. It depends primarily on the
species and area of the trunk from where the piece of wood is coming from.
Heartwood is preferred because it usually contains toxic substances that prevent
biological attack. Sapwood on the other hand, has little durability because it lacks of
toxic substances and contains large amounts of starches, which are essential
nutrients for fungi. Additionally, core wood is usually less durable than the rest of
the heartwood since it is created when the tree is very young and the production of
extractives is not fully developed.
Natural durability also depends on the environment. Factors such as
moisture and temperature directly influence the durability of wood; therefore,
measurements of durability cannot be used for different countries.
The Board of the Cartagena Agreement studied twenty Peruvian wood
species for construction and classified them into three groups according to their
durability and density.17 Group A includes the highly durable woods with densities
in between 0.8 to 1.12 g/cm³ at 15% moisture content. Woods in this group should
be used in structures exposed to moisture and areas where durability is essential
such as in flooring and stair treads. Group B include moderately durable woods
Junta del Acuerdo de Cartagena PADT‐REFORT. Manual de Diseño para Maderas del Grupo Andino.
pp 3‐25.

17

43

with densities in between 0.72 to 0.88 g/cm³. Wood in this group is often used for
elements such as door and window frames, ceilings, walls, etc. Lastly, Group C
comprises of the least durable woods with densities of 0.4 to 0.72 g/cm³ and should
be used for elements in where detailing and workmanship is stringent.18
Group

Common Name

Scientific Name

A

Estoraque

Miroxylon peruiferum

A

Pumaquiro

Aspidosperma macrocarpon

A

Palo sangre negro

Pterocarpus sp.

B

Huayruro

Ormosia coccinea

B

Manchinga

Brosimun uleanum

C

Catahua Amarilla

Hura crepitans

C

Copaiba

Copaifera officinalis

C

Diablo Fuerte

Podocarpus sp.

C

Tornillo

Cedrelinga catenaeformis

Table 3.1‐ Classification of Peruvian woods according to durability.

Quality Control
Wood used in construction must undergo inspection to ensure its quality,
and its species should be known so durability can be assessed. Wood must be
properly dried to avoid defects during drying process such as warp, fragmentation,
and fractures. Each piece should be free of biological attack. Properties of knots are
different that in the surrounding wood; therefore, these cannot be more than 25%
the width of the piece or larger than 25mm in diameter. Loose knots are not
acceptable. In case perforations are found, the piece is allowable as long as the

Junta del Acuerdo de Cartagena PADT‐REFORT, Manual de Diseño para Maderas del Grupo Andino.
pp 3‐7.
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perforations are no larger than 3mm in diameter and are distributed very sparsely.

Preservatives
Preservatives in wood can be naturally occurring or synthetically produced
to protect it from biological degradation and extend the service life of the wood
member. Treated wood with preservatives achieves its protection by becoming
poisonous or repellent to biological agents that would otherwise attack the wood.
Chemical preservatives are usually solid compounds that require a solvent (water
based or oil based) to penetrate into the wood. Preservatives applied only on
surfaces are not efficient since these can weather or crack, which will make the
member susceptible to biological attack.

Seismic Activity
This section investigates seismic movement in Lima as an attempt to explain
its implication in the city’s architecture. Peru’s coast is a segment of the circum‐
Pacific seismic belt, where more than two‐thirds of the world’s large‐magnitude
earthquakes occur. This belt, also known as the Ring of Fire, is located at the
borders of the Pacific plate and other major tectonic plates, which often slide next
to, collide with, and are forced underneath other plates. In the coast of Peru, the
collision of the Nazca and South American tectonic plates caused strain forcing the
subduction of the Nazca plate underneath the South American plate, which created
the Andes. The movement of tectonic plates continues at a rate of 77 mm per year
causing earthquakes, which in turn can cause ground shaking, liquefaction, and
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landslides. 19
Since its founding, Lima has been in a constant state of devastation followed
by the rebuilding of the city. This played an important role in the city’s building’s
massing and therefore, the character of the whole city. Regulations were developed
after some very destructive earthquakes in order to improve construction
techniques as well as to safeguard people’s well being. A building was not built
according to what its builder wanted it to be, but what it could be.

Summary of Seismic Data
Seismic activity in Peru has been recorded since the arrival of the Spaniards,
and there are indications of ancient cultures learning to deal with this type of
natural disaster by the way they built their structures. The effects of seismic activity
have been very devastating ranging from destruction of structures, floods, to
fatalities. Table 3.2 illustrates seismic activity in Peru from 1650 until 2007, with
date, location, moment magnitude (Mw), number of fatalities, and comments if
available.
The Peruvian National University of Engineering created a map showing the
distribution of maximum intensities of seismic activity in Peru (Fig. 3.3). This was
part of a project studying the mitigation of damage caused by an earthquake in the
Andes. Historical data as well as geological data until December of 2001 was

Johansson, Jörgen, et.al. “A Reconnaissance Report on the Pisco, Peru Earthquake of August 15,
2007.” Pp 7.

19

46

analyzed to estimate the hazards of each region due to seismic activity.20 The map
shows maximum intensities of isoseismal curves in the Modified Mercalli Intensity
Scale (MM), which is composed by 12 increasing levels of intensity that range from I
(imperceptible) to XII (catastrophic). These values are arbitrary and depend on the
effects the earthquake had on the place.
Table 3.2 ‐ Seismic Activity affecting Lima since 1650 until 200721
Date
Location
Mw Fatalities Comments
May 31, 1650 Cuzco
7.6
Left Cuzco in ruins
Oct. 20, 1687

Lima

8.5

600

Tsunami caused destruction in
Callao, Ica, Palpa and Nasca

Oct. 28, 1746

Lima

8.7

5,000

Tsunami caused destruction to
all ports. Destruction of
churches, residences, damage
food and water supplies

March 27,
1725

Coast

July 10, 1821

Camaná

7.9

162

Dec. 12, 1908

Central Coast

8.2

Aug. 24, 1942 Central Coast

8.2

30

Deaths due to collapse of
structures

Oct. 17, 1966

8.1

125

Collapse of churches, landslides,
cracks along the Pan American
Highway, around 2000 houses
suffered structural damages,
3000 injured

Coast

20 INDECI

(Instituto Nacional de Defensa Civil), “Atlas de Peligros del Peru 2010.”
Based on U.S. Geological Survey, "Earthquake Hazards Program: Historic World Eartquakes" and
INDECI "Compendio Estadístico de Prevención y Atención de Desastres 2006."
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June 8, 1967

Lima/Huacho

July 31, 1967

Lima

Aug. 22, 1967 Lima
Feb. 3, 1968

Lima

Landslides, ground fractures

May 31, 1970

Coast

Landslides, flooding

June 10, 1971 Huánuco,
Junín,
Chincha, Ica

3‐4

June 19, 1972 Lima

Moderate damage in the city

Oct. 3, 1974

Central Coast

8.1

April 18,
1993

Lima

5.6

Sep. 23, 1995

Coast

5.1

Damage to churches, historical
monuments, public buildings,
and residences
3

23 injured, 7 collapsed
structures
Landslides in the north of Lima

June 23, 2001 Central Coast

8.4

138

July 7, 2001

Coast

7.6

1

Oct. 20, 2006

Central Coast

6.7
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Fig. 3.3 – Map of Peru showing the distribution of Maximum Intensities of Seismic
Activity. Source: INDECI
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Lack of Maintenance
Housing is a valuable asset for all income groups, and building maintenance
is very important since it can directly affect the service life of buildings. Lack of
maintenance is a common occurrence in buildings in developing countries such as in
Peru, in where resources are scarce and they often do not even meet people’s basic
needs. Faults in buildings can usually be easily fixed when noticed at an early stage,
but can become a heavy financial burden if they remain untreated for a long period
of time. Building deterioration is often overlooked by its inhabitants, which results
in the cumulative decay of the structure and can lead to its collapse or buildings
having to be demolished, presenting an even more alarming situation. This affects
people’s valuables and their ability to reside in these buildings, but most
importantly, it is a hazard to their health and well being.

Quality of Construction and Design
Most of a building’s deterioration comes from factors that occur only after
the building has been assembled. However, there are cases in which the building’s
construction itself can be the origin of its own demise. Usually, the ultimate culprit
in these cases is a novice builder or designer, who lacks the expertise to take into
account the multitude of variables that need to be considered in the construction of
a building, such as weight requirements, proper joint assembly, and climatic
concerns.
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One factor that may seem obvious, but is often miscalculated by builders, is
the support requirements needed to sustain the weight of the building’s load. Even
a relatively minor deviation in support structure to load ratio, could have
catastrophic consequences. If the balance is off only negligibly, the building may
stand for years, but the integrity of the structure will suffer over time, much faster
than with adequate support. In these cases, even everyday wear‐and‐tear may lead
to the wood deflecting, cracking, fracturing, or fragmenting. With more profound
trauma, such as an earthquake, the force may be enough to cause a partial or total
collapse.
A similar prognosis can be expected when a building’s connecting elements
are not properly installed. Even when the building’s support system is sufficient, a
poorly fixed joint could be hazardous to the integrity of the entire building. A faulty
or improperly constructed joint may be vulnerable to even modest levels of trauma,
which could give way to even greater damage.
Climatic factors and the topographical location of a building also need to be
considered in its design, especially when wood is a major component in its
structure. Knowing how much rainfall is to be expected at any time during the year
should be a primary concern for a building’s designer, since this information
dictates many of the building’s characteristics, such as the angle of the roof to allow
water run‐off, as well as the number and placement of gutters, eaves troths, and
downspouts. The annual rainfall is not as important to consider as the quantity of
rain at any time during the year. For example, in Lima, a mostly arid city, the
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expected rainfall during any given year would make it appear that a proper drainage
system would be unnecessary. However, during the winter, the rainiest season in
Lima, it can rain for many days consecutively, which could accumulate enough
moisture in a building to permanently damage the wood. A related feature in the
building’s design would be its ventilation system. A good ventilation system allows
the wood to dry more rapidly, in order to avoid prolonged exposure to the moisture,
and slow the wood’s deterioration. Topographical concerns would be, for example,
the building’s altitude and/or position in relation to higher ground. Water run‐off
from surrounding areas may accumulate at the base of the structure. In order to
forestall major damage to the wood components, the building should include water
deterrents, such as a water‐resistant coating, and the designer should include
structural elements, such as water tables, and possibly even elevations, as needed.

Misuse
Every building has a purpose for its construction. The original purpose for a
building’s creation largely determines how the building will be designed and built.
The size of the building’s spaces, strength of its foundation and supporting
structures, and the materials used are all aspects of a building’s composition that an
architect will consider in the original design. A quick glance at many cities today
proves that buildings frequently outlive their original use. Often times a building
may go through many metamorphoses in a single lifetime. However, a building is
not inherently equipped to endure all these manifestations equally as well. An
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apartment building, for example, that was erected to house living occupants with a
relatively low life load, will often suffer structurally if it is used, without
modification, to hold heavier loads.
From the time the Hotel Comercio was built in the 19th Century until the mid
20th Century, it was used for its original use as a hotel. Since hotels typically house a
sub‐maximal number of occupants at any given time, we can presume that the life
load was generally quite low. However, beginning around the middle of the 20th
Century, the hotel closed and the building’s use from that point on changed. For a
time, it was used as a storage space for government documents, and also as an
armory for the Casa Militar de la Presidencia de la Republica. As a result of
stockpiling heavy armory in a building originally intended to be used only for low
occupancy, much of the structure’s wood suffered, as evidenced by a visible
deflection in rooms that were presumably housing the heavier loads.
This is just one example of how the originally intended use of a building
should be considered by proprietors when deciding on the appropriateness of a
building’s new use. A new function of a building should not, however, be restricted
only to the parameters of its original purpose, but attention should be given by the
property owner to any modifications that need be made to the structure to
accommodate its next application.
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Adaptations
Just as a building may be used for a purpose not originally intended for it,
property owners may just as likely make physical alterations to a building’s
construction that could compromise the building’s integrity. It is not infrequent for
new property owners to tear down a wall, for instance, to expand the dimensions of
a room. Interior designers may consider this to be a positive change, since it
“creates space” in a room. From an architect’s standpoint, however, these
reconfigurations could mean sacrificing the strength of the structures in between
rooms (the room above the modified room), for added space inside the room. In this
case, increased space in a room through removing a wall means the supporting
structures in the ceiling need to bear a greater load, and without the support of the
original wall. This is not necessarily the case, if the wall is only a partition wall.
However, if it happens to be a load‐bearing wall, it could be severely detrimental to
the structure’s integrity.
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4
Testing Methods and Diagnosis
4.1 DIAGNOSIS OF WOOD PATHOLOGIES
Wood diagnosis test methods are classified as being either destructive or
nondestructive. If the diagnostic procedure only requires minimal damage then it can
be said to be a near‐nondestructive test. It should be definitively determined at the
beginning of the diagnostic stage, which option will do the absolute minimal damage
while still providing a positive identification of the wood’s pathology. The objectives
for a wood diagnosis are multifold. The first objective is to accurately determine the
pathology’s properties, or symptoms. The extent of these properties should be
noted and recorded. The nature and intensity should be noted next. The previous
step would include information about the quality of the damage, such as how recent
exit holes were formed in the case of insect attack, and their characteristics, such as
color, size, and presence of frass. After all this data has been collected, it should be
possible to deduce the origin of the pathology. The final step is determining a
remedial treatment, which is beyond the scope of this paper.
Inspection methods for wood can be categorized by the physical method
used. These categories can be roughly divided into eight methods: mechanical;
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electrical; optical; acoustic; thermographic; radiographic; nuclear magnetic; and
chemical/biological. For each category there may be one or more procedures that
may be more or less suitable for an individual case. For any given case, a combination
of two or more of these methods may be utilized. For the sake of this paper, the
diagnostic tests discussed will be limited to those that are logistically plausible for
use in Peru, in terms of portability, cost, effectiveness, and ease of use.
Mechanical procedures are destructive, and therefore should only be used in
the case of wood structures of less cultural importance¸ where portions of the
structure can be sacrificed in order to attain a positive identification of the underlying
pathology. Their usefulness is mostly in determining water content within wood,
which can be helpful information on its own, as well as being an indicator of real or
possible biological infestation (since microorganisms thrive in moist areas). The
different mechanical procedures used are increment cores, measuring the depth of
penetration using a pilodyn and measuring resistance to boring using a resistograph.
With increment cores, an increment borer is inserted into structural wood and dried
at around 103°C to constant mass in order to verify the moisture content of the
wood. The benefit of using this method is that it is very cost‐efficient and is easy to
facilitate using simple tools. The drawback is that the test only measures a relatively
small portion of a structure or building.
Measuring the depth of penetration is the next option under mechanical
methods. This test will usually employ a portable pilodyn (Fig 4.1), a device
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developed in Denmark, which delivers a steel needle into wood at a premeasured
intensity. How deep into the wood the needle travels determines the health of the
wood. If the needle travels deeper into the wood than expected, it is very likely that
the wood has been damaged by biodeterioration. Again, this test is simple to
perform, since a pilodyn is easy to carry around and can even be used under water. It
is also very low‐cost, just as with the increment cores test. The disadvantage is that
the test gives inexact measurements, which leads to unreliable data.

Fig. 4.1 – Pilodyn. Source: InspectApedia

The last mechanical test is the resistograph, which was developed in Germany,
and is more technologically complex than the two previously mentioned tests. A
resistograph consists of a drill, built‐in printer, battery, and computer memory. The
principle behind the resistograph is similar to the pilodyn, in that it is essentially a
needle being injected into the wood to assess the resistance of the wood. That
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resistance is translated into data figures about the wood’s density in the tested
location; the wood’s health can subsequently be deduced from this information.
Despite the comparatively complex set of instruments needed for this, it is still
portable and easy to use. The drawbacks of using a resistograph are basically the
same as for using a pilodyn.

Fig. 4.2 – Resistograph. Source: IML Wood Decay Detection Instruments.

For optical evaluation, the most elementary option is the visual method. This
is straightforward and involves only using an unaided visual examination of the
exterior of the wood for biodeterioration. This option is clearly subjective, and is
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obviously limited to the most superficial layers of wood damage. However
fundamental it may seem, a comprehensive visual assessment of a wood structure
should not be overlooked, and should indeed precede all other stages of wood
diagnosis.
Light and electron microscopy, and endoscopy are both relatively simple and
on hand procedures that can be used to attain an amplified, high‐resolution image of
the biodeterioration. The only disadvantage to these procedures is that they involve
some degree of destructive preparation for the samples. This rules them out for use
on artistic and cultural artifacts.
Two additional optic tests are used frequently enough to be mentioned here:
infrared thermography and holography. Traditionally, these technologies were not
widely used because they were not very developed, and because they were not
portable and, therefore, used exclusively in the lab. These technologies have
improved in leaps and bounds over recent years, and today are not only small and
portable for field study, but are also much more affordable than their predecessors.
One of the main benefits of using these technologies is that they are nondestructive,
and yet can also give highly accurate assessments of wood damage, even deep below
the surface. For all these reasons, infrared thermography is an ideal method for
wood analysis and diagnosis in Peru.
The last category that could be logistically practical for wood diagnosis in Peru
would be portable radiographic tests. While this classification includes conventional
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X‐rays, computer tomography, gamma‐ray densitometry, and neutron radiography,
this section will focus on X‐rays and CT scans, because of their ease of transport in
the field, as well as their accessibility. Conventional X‐rays are capable of elucidating
the inner structure of almost any solid object. X‐rays are, of course, nondestructive,
and can therefore be used on art objects and other cultural property. Since X‐rays
are incapable of detecting certain types of decomposition, such as that caused by
fungi, combined with the fact that there are newer radiographic tests, like the CT
scan, that are able to give detailed images of these types of decay, the X‐ray has
become less prevalent for these purposes. However, X‐rays are still continually used
for determining the internal structure of wood, pottery, and other materials.
A newer, and many times more useful, test is using computer tomography to
determine the internal structure of wood objects. In computer tomography, a spatial
distribution of the absorption coefficient of the radiation is determined using a
computer.22 The image is created by the computer analyzing the object, layer by
layer, as the radiation gets absorbed. This means that the image produced with a CT
scan is 3‐dimensional in its computerized reconstruction. Computer tomography can
also be used specifically with insect‐damaged wood, in combination with sound
wood, to create calibration curves that represent the relationship between the
amount of radiation absorbed in each, and qualities of the wood, like density and

22

Unger, Achim, et.al., Conservation of wood artifacts: A handbook. pp 159
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strength. With this information, it is easy to discover which wood has been damaged
by insects, and also to determine the extent of the damage.

4.2 FUNGAL DAMAGE
Fungal damage is usually noticed in the advanced stages of development
when fruiting bodies form a dense and fuzzy layer on the surface, in addition to a
distinctive and unpleasant odor. However, early detection should be pursued in
order to safeguard the integrity of the wood (and subsequently the building) and
also because treatments are more economical. Test methods have been developed
in order to identify between living and dead mycelium and also the type of fungus
attacking the wood.

Growth Test
This test assesses how fungal growth may affect the material, performance,
and the rate of growth. The growth test consists on placing affected pieces of wood
on an artificial food source or in moist chamber. The fungus is cultivated under
optimum conditions for a period of time. The mycelial growth or mass loss of the
wood can then be observed and recorded.
The American Society for Testing and Materials (ASTM) published two
articles that can be followed as a reference to perform the tests: ASTM G21‐ “Practice for
Determining Resistance of Synthetic Polymeric Materials to Fungi” and ASTM
D3273‐ “Test Method for Resistance to Growth of Mold on the Surface of Interior Coatings
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in an Environmental Chamber.” ASTM G21 consists on placing the samples on a carbon‐free
nutrient salts agar and directly inoculated with a known concentration of fungal spores.23
ASTM D3273 suspends samples in a chamber at 32.5°C and 95 to 98 percent relative
humidity, which are maintained by heating water in the bottom of the chamber.24 Samples
are exposed to fungi by placing a soil bed above the water for four weeks, and fungal growth
is recorded and compared to ASTM 3274.25

Color Indicators
Bromophenol blue and Bromocresol green to indicate changes in pH
Brown‐rot and white‐rot fungi liberate organic acids while attacking wood.
This results in the alteration of the acidity of wood, lowering its pH. The changes can
be detected by color indicators such as Bromophenol blue and bromocresol green,
which are sprayed on the wood in 0.04% solution in ethanol diluted with equal parts
of water. A change in color of bromocresol blue to green or yellow indicates the
presence of fungi since dead mycelium does not produce a change in color.26

Janus green to stain fungus cells
Stains reveal the presence of living cells when applied to samples with wood‐
destroying fungi. A stain called Janus green is used to identify living mitochondria of
23 ASTM

Standard G21, "Practice for Determining Resistance of Synthetic Polymeric Materials to Fun‐
gi”
24
ASTM Standard D3273, "Test Method for Resistance to Growth of Mold on the Surface of
Interior Coatings in an Environmental Chamber,"
25
ASTM Standard D3274, "Test Method for Evaluating Degree of Surface Disfigurement of Paint
Films by Microbial,"
26
Unger, Achim, et.al., Conservation of wood artifacts: A handbook. pp 128
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mycelium cells. The stain is applied and will color the oxidizing agent (cells) right
away becoming dark green, and will fade after a few minutes.

Flourescein‐Diacetate (FDA)
Flourescein‐diacetate is a dye that stains living cells green, which can be seen
with a confocal laser scanning microscope.

Determination of Adenosine Triphosphate (ATP)
Adenosine Triphosphate is a nucleoside triphosphate which acts in cells as a
coenzyme. It is responsible for transferring chemical energy within cells for
metabolism. Since ATP is found only in living organisms, its presence in a wood
sample indicates that there are active living cells existing in the wood. For instance,
with Serpula lacrymans, the most detrimental wood‐destroying fungi, the ATP is
extracted using 80% dimethyl sulfoxide for 30 minutes at 20°C.

Immunological Determination
Immunological determination is a valuable tool for detecting wood‐rot in its
early stages, even before mass loss in the wood has taken place. The technique
involves extracting protein antigens from a possible wood‐destroying microbe, such
as Serpula lacrymans, injecting it into a test mammal, and then extracting the
mammal’s antiserum, which was created through exposure to the microorganism.
The antiserum contains the antibodies that suppress the antigen. The final
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determination is made with fluorescence combined with a fluorescence dye, after the
antiserum has been applied to the new strain found on the wood being treated.

Detection of Volatile Organic Compounds (VOC)
By using a gas chromatograph and a mass spectrometer, it is possible to
detect volatile metabolites on wood samples that are released by fungi. During
normal metabolic processes, fungi emit volatile metabolites into their environment.
Since each species of fungi release their own signature volatile metabolites,
identification of these biochemicals informs the researcher not only of the presence
of a fungus, but also which type is afflicting the wood. Another way of detecting a
fungus’ presence via VOCs is by analyzing volatile compounds released not by the
fungus, but by the wood when it is in contact with the fungus. It is also now possible
to use an “electronic nose” to detect VOCs.27 These devices are now able to perform
analytical measurements of VOCs in near real‐time with part‐per‐trillion sensitivity,
making them one of the most accurate and viable options for wood fungi detection
and identification.

4.3 INSECT INFESTATION
The methods of diagnosing insect infestations are much different than the

27

Alpha MOS Smell, Taste & Chemical Profiling , "Electronic Nose." Last modified 2012. Accessed
December
20, 2012. www.alpha‐mos.com.
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methods for diagnosing other forms of biodeterioration. Since insects can readily be
seen by the naked eye, the most common way of making a diagnosis is by identifying
living or dead adult insects; usually on windows or window sills, but they could be
found anywhere in proximity to the wood being examined. The identification of an
active infestation can also be made indirectly by noting the existence of the wood‐
destroying insect’s enemies. To attain a more precise estimation of the extent of an
infestation, as well as its approximate location, pheromone traps can be employed
for certain anobiid species. However, because of the volatility of pheromones, these
traps can only be used for a period of around 0.5‐2 months.
When exit holes are present, bright rims and fresh, light yellow piles of frass
signify that there are larvae of wood‐destroying insects existing in the wood. If the
exit holes are old, they will have gray rims because of dust deposition and the effect
of UV radiation.
With objects or areas of a building that show damage, it may be difficult to
discern whether the origin of the damage came from the larvae of insects or
termites. If it is permissible to destroy a segment of the wood structure, such as a
wall in a historic building for example, then the easiest way to identify the source of
damage is to dig into the wood with a chisel or axe. This allows for a direct
examination of the infestation. In many cases, however, a destructive method like
this one will not be appropriate, such as with art objects or cultural property. In
these cases, there are a number of alternative options that allow for indirect
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observation of an infestation. Some species of wood‐destroying larvae, like the
Hylotrupes bajulus, unaided auscultation will suffice to hear these particular larvae,
since their feeding noises are completely audible already. With other, less audible
species, either a stethoscope or a combination of microphone, amplifier, and
earphones can be implemented.
Acoustic emission technology can be used to record ultrasonic vibrations
produced by active insect infestations. When trying to locate active larvae in mobile
objects, conventional X‐ray technology and CT scans may be used. Finally, since the
normal respiratory metabolism of living larvae releases carbon dioxide into the
environment, levels of this molecule can be tested and analyzed to check for the
likelihood of an infestation.
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“[…] —someday thru the dream wall
to nextdoor consciousness
lie thru this blue hotel wall
—millions of hotel rooms fogging
the focus of my eyes— […]”
Allen Ginsberg, “Aether”
Hotel Comercio, Lima, Peru, May 28, 1960

case study: hotel comercio

Located at the Historic Center of Lima, the Hotel Comercio is an archetypal
example of a low‐rise quincha and adobe construction in Lima because materials
used, symmetry, and repetition of architectural details. It was declared Historical
Monument and Cultural Heritage by the Instituto Nacional de Cultura (INC, Peruvian
National Institute of Culture) because of its architectural and urban significance.
The building is part of a group of historic buildings that extend from Plaza de Armas
to Plaza de San Francisco, which is one of the most cohesive units that have been
preserved in the Historic Centre of Lima. Furthermore, the design of the Hotel
Comercio is representative of the architecture that developed in the time of Spanish
presence in Peru. The hotel has not been in operation for almost 40 years; however,
the building is still named after it. Nearly 70% of the built area stands vacant, while
the other 30% houses the legendary restaurant and bar El Cordano, and shoe store
Distribuidora Vallejo.

5.1 ARCHITECTURAL DESCRIPTION
The Hotel Comercio sits at the corner of Jirón Carabaya and Jirón Ancash, just
south of the Rímac River. The hotel is a three story building with each story being of
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a different height. It is attached to a four story Modern building of the same height
on Jirón Carabaya, and a two story early Republican building on Jirón Ancash. Even
though the attached buildings differ to the hotel in style (the Modern building) and
height (the early Republican building), the block and surroundings still preserve the
overall aesthetic unity of the historic area. The building’s footprint is the shape of
two interlocking rectangles or “L” shape, with a total area of 4,862.90 ft² and a built
area of 3,590 ft².

Exterior
Northwest Wall
The façade of the hotel, the northwest wall is 130 feet in length. The
plastered vermilion colored walls are smooth in texture. The base of the building
slightly protrudes from the façade and rises 5½ ft. from the ground, encircling the
other exterior wall as well and giving the building the sense of stability. The base
exhibits an uneven rough texture, and its burnt umber color contrasts and
complements the opaque vermilion of the walls. Wooden trims on the façade
delineate each floor, being the trim between the second and third stories much
wider than the one between the ground floor and second story. A wooden cornice
projecting from the façade, along with the trims and the base are the horizontal
elements that act as ornament, as well as breaking with the verticality of the doors
and windows of the façade.
The ground floor has six arched openings of varying widths containing
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double doors with fanlights. The second story contains thirteen openings of the
same width, in where seven are French doors alternating with French windows that
align with the arched openings of the ground floor. The doors are full‐length and
lead to balconies with wooden floors and delicate iron railings that project 2 feet
from the façade. Identical heavy moldings are found at the head of both the doors
and windows, giving the façade a sense of uniformity.
The third story is shorter than the lower stories and has simpler
architectural details. It has eight full‐length French doors, each one leading to a
balcony that projects approximately six inches from the façade. These balconies not
only differ in size from the balconies on the second story, but on the ornamental
pattern of the iron railings. Also, the doors lack of the molding found on the heads of
doors and windows of the second story.

Northeast Wall
The other exterior wall, the northeast wall, is 40 feet in length. Its design is
consistent with the design of the façade, carrying around the horizontal elements
such as the base, trims and cornice. The doors, windows and balconies are also
consistent with the ones found on the façade; however, there are only two doors
placed on the ground floor, one door with a balcony flanked by two windows on the
second story; and three windows with balconies on the third story.
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Fig. 5.1 – View of Hotel Comercio. Source: author
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Fig. 5.2 – Entrance to restaurant and bar El Cordano on Jirón Ancash. Source:
author.
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Interior
The configuration of the Hotel Comercio is follows famous Lima Casonas.
Casonas developed in the Colonial era, and were modeled after the design of Spanish
houses, particularly the area of Andalusia, and with Moorish influences. Distinctive
for having a zaguán (vestibule) and rooms organized around one or two patios.

First Floor
The only area of the building that is still being occupied is the northeast
section of the property, facing Jirón Carabaya and Jirón Ancash. Portion of the first
floor is occupied by El Cordano, which is accessed by two doors, one on Jirón
Carabaya and the other one on Jirón Ancash. The restaurant uses three main spaces
as dining rooms; there is also a kitchen, storage rooms and bathrooms. Also on the
first floor and adjacent to El Cordano on Jirón Carabaya, we find Distribuidora
Vallejo, a shoe store that uses a space for the showroom, another one as a backroom,
and a small bathroom.
Two sets of wooden doors lead to the interior of the Hotel Comercio; a
double door on Jirón Carabaya, opens up to a three flight staircase with half‐space
landings and ballustrated wood railings. The steps on the staircase were
reconstructed with wood, since the original marble steps were looted when the
building was unoccupied. The other entrance is through a large door also on Jirón
Carabaya, leading to the zaguán. A small hallway containing a bathroom, connects
the entrance with the staircase to the zaguán.
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Fig. 5.3 – Interior of El Cordano. Source: author.
To the front of the zagúan, the first patio opens up containing seven rounded
wood columns, which support a corridor above. Three large rooms surround the
first patio on the right side, while a three step raise on the front leads to a covered
hall. Two rooms can be accessed from the hall, as well as a second patio. This
second patio has five rounded wood columns, smaller in diameter than the ones
found on the first patio, also supporting a corridor above. The second patio is
surrounded by rooms to the south and northeast, and two bathrooms to the east.
One bathroom contains five stalls, while the other one contains six stalls. A straight‐
run staircase decorated with a criss‐cross pattern on the railing leads to the second
floor.
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Ceramic tile floors, a remarkable architectural detail, are found on most of
the first floor. El Cordano and the Distribuidora Vallejo’s floors are adorned with 15
x 15 cm (~6 x 6 in) tiles with geometric shapes, while the hotels’ entrance, zagúan,
small hallway, both patios, hall, and some rooms are ornamented with 20 x 20 cm
(~8 x 8 in) tiles. The designs on the ceramic tiles of the hotel have geometric and
floral patterns, present no reliefs, and were finished with muted earth tone glazes
that compliment the materials on the rest of the building (Fig. 5.4). Additionally, all
the rooms on the ground floor are connected to each other, which is a characteristic
of the casonas. (Appendix B2 ‐ First Floor Plan).
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Fig. 5.4 – Ceramic tiles in Hotel Comercio. Source: author
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Fig. 5.5 – View of first patio. Source: author.
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Second Floor
The second story was occupied by the Hotel Comercio in its entirety, and
now lies vacant except for two rooms facing Jirón Carabaya, that are been occupied
by a caretaker. There are eighteen rooms with two spaces each and nine rooms
with a single space; all organized around the two patios. Open corridors run along
both patios serving as the main circulation element and providing access to the
rooms. These corridors overhang from the top of the ground floor walls. The
bathrooms are located on the southeastern end of the building and served the whole
floor (Appendix B3 ‐ Second Floor Plan).

Third Floor
The third story was also used solely by the hotel. It is accessed by a two‐
flight staircase near the first patio. There are 19 rooms with two spaces each and 25
rooms with a single space. The layout of this floor follows the one on the second
story (Appendix B4 ‐ Third Floor Plan).

5.2 SUMMARY OF HISTORY
Little is known about the former Hotel Comercio’s origins; however,
documents found at the Ministry of Culture provide information about the property
and its history. The land occupied by the Hotel Comercio was part of the original
outline of the city of Lima, traced by Francisco Pizarro in 1535. The entire block
belonged to Alonso Riquelme, who was Pizarro’s Secretary and Royal Treasurer, to
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later be owned by Antonio de Ribera.28 A 1685 plan of the city of Lima, drawn by
father Pedro Nolasco Mere, shows the site of the Hotel Comercio as a two story
building with one courtyard. This plan was published by the scientists Jorge Juan
and Antonio de Ulloa in 1748, stating that this plan was one of the most beautiful
and detailed plan of the Viceroyalty of Lima (Fig. 5.6). In 1839, Mrs. María Rosa
Orué transfers the property to Isidro Aramburú, who in 1848 builds a “large
edifice.”29 No descriptions or details describing the building could be found, so
there is no clear indication if the building of 1848 is the one still standing today. The
property was sold several times in the following years, and in 1897 the “three story
building with an area of 1,482 m.² (4,862.204 ft.²) is sold to Manuel Quimper,” who
rents portion of it to Mateo Valdettaro to be used as shops.30 By 1924 the building
had its current shape, two interlocking rectangles or “L” shaped, as shown in the
isometric perspective drawn by Julio E. Berrocal described as giving a real view of
the city of Lima (Fig. 5.7).

Villa Esteves, Deolinda. Informe No. 063‐2006‐INC/DPHCR/SDIH/DMVE. pp 01.
Ibid.
30 Villa Esteves, Deolinda. Informe No. 063‐2006‐INC/DPHCR/SDIH/DMVE. pp 02.
28
29
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Fig. 5.6 – Plan of Lima, 1685. Drawn by Pedro Nolasco Mere.
Source: Archivo JGD.

Fig. 5.7 – Isometric perspective of the city of Lima,
1924. Drawn by Julio E. Berrocal. Source:79
Biblioteca
Nacional de Lima (National Library of Lima).

In 1905, the Genovese bothers Fortunato and Andrés Cordano, found the
restaurant named El Cordano on the ground floor of the building’s corner. The
restaurant was later transferred to Antonio and Luis Cordano, nephews of
Fortunato and Andrés (Fig. 5.8).31 The restaurant became popular serving a large
number of people traveling through the Estación Desamparados, the main train
station connecting Lima to the central Andes, located just across the street from
Hotel Comercio. El Cordano soon became the preferred spot for travelers,
journalists, artists, politicians and intellectuals. The Cordanos left the restaurant to
their workers in 1978, and it is still functioning today, being one of the oldest
restaurants in continuous operation in Lima.

Fig. 5.8 ‐ Bar of El Cordano with Luis and Antonio Cordano on the right. Source:
Caretas
Distribuidora Vallejo sits right next to El Cordano on Jirón Carabaya. It is a
De los Santos, Gloria. Memorandum No. 006‐75 DMHA. Instituto Nacional de Cultura, Centro de
Investigación y Restauración de Bienes Monumentales. Mar. 24, 1975.

31
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legendary shoe store that opened in the 1970’s, and is known for their handmade
shoes made by craftsmen who use traditional shoemaking methods.
The Hotel Comercio on the other hand, did not enjoy the fortunate fate that
the restaurant or shoe store did. In June of 1930, the Hotel Comercio was the site of
a high profile murder case explored by Peruvian journalist and writer Luis
Jochamowitz in his book The Dismemberer of Hotel Comercio.32 This case gave great
popularity to the hotel, which attracted many writers and poets such as William
Burroughs, Allen Ginsberg, and Martin Adán. Nevertheless, the increase of tourism
in Lima resulted in demand for larger and more luxurious accommodations, so
numerous hotels with European standards began to be built. The Hotel Comercio
could not compete with the new hotels, closing doors in the 1960’s.
In 1989, the entire building was declared Historical Monument and Cultural
Heritage by the INC. The area once occupied by the hotel remained vacant for at
least two decades, which resulted in an accelerated deterioration of the building and
two adobe walls on the first floor were documented as “collapsed;” the first one in
December of 1994 and the second one in July of 1998.33 The exact location and
degree of failure are unclear in the documentation. The Casa Militar del Presidente
de la República, owner of the areas that constituted the hotel, used the first patio as
a woodshop and the rooms for storing government documents, furniture and

32 Jochamowitz, Luis. 1995. El descuartizador del hotel comercio y otras crónicas policiales. pp 69‐
74.
33 Cortez Morales, Ever; Casso Valdivia, Hugo. Informe Técnico de Oficio No. 061‐2000‐OPNS.
Municipalidad de Lima, Dirección Municipal de Desarrollo Urbano. Aug. 18, 2000.
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weapons as recorded by Cortez and Morales in August of 2000.34 On September of
2000, the Casa Militar del Presidente de la República ordered a visual inspection of
the building, which urged El Cordano and the Distribuidora Vallejo to vacate the
building because of its “hazardous condition”. 35 Nonetheless, El Cordano and
Distribuidora Vallejo refused to leave the building. Predicaments did not stop there
and in September of 2001, El Cordano restaurant’s manager notifies the Casa Militar
del Presidente de la República that a wall on the first floor collapsed causing serious
damage to the restaurant’s adjacent spaces.36 Finally, the Casa Militar del
Presidente de la República transferred ownership of the Hotel Comercio to the INC
on June of 2004.37 Architect Jaime Exebio Lopez conducted a visual inspection in
October of the same year, concluding that the deterioration of the building was due
to lack of maintenance and abandonment. Sections of adobe walls on the first floor
collapsed due to humidity caused by the failure of water pipes, compromising the
structural stability of the adjacent spaces and stories above.38
The Ministry of Culture continues to own the building, and has been active in
the process of stabilizing the building and contributing to the study of the adobe‐
quincha building’s performance.

34 Cortez Morales, Ever; Casso Valdivia, Hugo. Informe Técnico de Oficio No. 061‐2000‐OPNS.
Municipalidad de Lima, Dirección Municipal de Desarrollo Urbano. Aug. 18, 2000.
35 Perez del Aguila, Gerardo (Chief of the Casa Militar del Presidente de la República). “Carta Notarial:
Visual Inspection of Hotel Comercio.
36 Lopez Delgado, Jacinto. “Letter to Casa Militar del Presidente de la República
37 Lumbreras Salcedo, Luis Guillermo. “Resolución No. 011‐204/SBN‐GO‐JAD.”
38 Lopez, Jaime Exebio. “Informe No. 238‐2004‐INC/DPHCR‐SDCR‐JMEL.”
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Date
Jan. 1535
1839
1860
1864

Event
Land belonged to Alonso Riquelme39
Mrs. María Rosa Orué transfers property to Isidro Aramburú
Mr. Aramburú sells house to Manuel Arrieta40
Mr. Francisco Esteban de Ingunza rents house in Pescadería to Mrs.
Manuela Malarín.41
1873
Mr. Francisco Esteban de Ingunza sells property to Mr. Santiago
Chepote
1897
Manuel Quimper, who rents stores in the property to Mateo
Valdettaro.42
1905
Fortunato and Andrés Cordano found the restaurant El Cordano43
1941
Licenses under Mr. Espinoza and Mr. Hernandez44
1951
License under Enriqueta Espinoza, Carlos Aristizales, and Waldemar
Falckenheiner45
? ‐ 2000
Casa Militar del Presidente de la República is listed as owner of the
building46
June 2004 Ownership is transferred to the INC (now Ministry of Culture) 47
Table 5.1 ‐ Ownership Timeline

5.3 PRESENT SITE AND SITUATIONAL CONTEXT
The Hotel Comercio is located in the province of Lima in the Cercado district,
which is part of the Historic Centre of Lima. The Hotel Comercio is bound by Jirón
Carabaya to the northwest (with address numbers 103‐119) and Jirón Ancash to the
northeast (with address numbers 200‐202). The area in where it is located is
probably the most concurred by tourists since it is only one block away from the
Plaza de Armas (Square of Arms, Lima’s main square), in where the Cathedral and
Villa Esteves, Deolinda. “Informe No. 063‐2006‐INC/DPHCR/SDIH/DMVE.” pp 01.
Ibid.
41 De los Santos, Gloria. Memorandum No. 006‐75 DMHA.
42 Villa Esteves, Deolinda. “Informe No. 063‐2006‐INC/DPHCR/SDIH/DMVE.” pp 02.
43 De los Santos, Gloria. “Memorandum No. 006‐75 DMHA.”
44 Ibid
45 Ibid.
46 Ibid.
47 Lumbreras Salcedo, Luis Guillermo. “Resolución No. 011‐204/SBN‐GO‐JAD.”
39
40
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the famous Casa del Oidor, the house of a well known magistrate of the Spanish
court during the Viceroyalty of Peru, are. Furthermore, it sits right across the street
from the Palacio de Gobierno (Presidential Palace), and Estación Desamparados
(Desamparados Train Station), both being historically significant; and blocks away
from historic landmarks such as El Parque de la Muralla, a public space designed to
exhibit the archaeological excavation of the city wall of Lima built in the 1680’s, and
Plaza de San Francisco (Saint Francis’ square), an impressive complex known for its
library, catacombs, art, and declared a World Heritage site by UNESCO even before
the city of Lima (Appendix B1 ‐ site plan).

Fig: 5.10 – View of Jirón Carabaya with Palacio de Gobierno to the left, Estación
Desamparados at the center, and Hotel Comercio to the right.
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Fig. 5.9 ‐ Hotel Comercio from Estación Desamparados. Source: author
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Because of its proximity to Lima’s most remarkable pieces of architecture,
the views when approaching Hotel Comercio are remarkably stunning. From Plaza
de Armas, the Casa del Oidor and a series of colorful Hispano‐Baroque buildings
including the hotel are located on the southeast side of Jirón Carabaya, while the
Palacio de Gobierno takes up the whole block on the opposite side of the street. The
imposing three‐story French Baroque façade of the Estación Desamparados acts as
the focal point, drawing attention to the end of the street. Furthermore, the views
from the building are very impressive as well. Besides been able to see the Estación
Desamparados, the upper stories of the hotel give a privileged view of the Palacio de
Gobierno’s courtyard, Cerro San Cristóbal, and the tops and bell towers of both the
Cathedral and the San Francisco Church.
The site is easily accessible by foot, car and public transportation, such as the
Metropolitano, a bus rapid transit (BRT) that connects the north and south of Lima
and goes through 16 districts. The site is also very pedestrian friendly, with wide
sidewalks and plenty security guards around the area. There is not a parking lot on
site, but there are several parking lots nearby.
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Fig. 5.11 – View of Jirón Ancash from the second floor of Hotel Comercio towards the
San Francisco Complex. Source: author
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5.4 EXISTING CONDITIONS
Construction (See Appendix B and C)
Stone and a lime based mortar were used for the foundations. The ground
floor walls are built with adobe with areas filled in with fired brick. The adobe
exterior walls are 2½ ft wide, while the adobe walls on the interior are 2 ft wide.
There are five wood columns in the main patio and six wood columns in the second
patio; both sets of columns supporting rim joists of the corridors above.
The second and third stories are built with quincha. The entramado sits on
top of the adobe walls, 12 x 4 in wooden posts were fitted in between the entramado
and beam, using mortise and tenon; the distances in between posts varied according
to wall (approximately 1 ft in exterior walls, 2½ ft in interior walls, and 5 ft when a
window was placed). Wood blocks were nailed to the posts and entramado at both
sides for additional support. Puntas were not found; however, 2¼ x 2¼ in
contrapuntas going from the entramado to the posts were found on all walls.
Additionally, an interwoven cane mesh was placed in between the framework,
which was achieved by laying canes through the posts and weaving the vertical
canes through these. The area in between the entramado and the first set of
horizontal canes was then filled with adobe bricks serving as transition for both
materials (the adobe wall and the quincha) to meet. Finally, walls were covered in
mud, plaster, and were painted.
The floors on the second story are all made out of wood planks. Beams
embedded on the adobe walls support joists which in turn support a subfloor. Some
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of the beams are single 1 x 1 ft while others are three 8 x 9½ in attached to each
other. The joists, which are 8 x 9½ in, were placed every 13½ ft and sit
perpendicular to the beams.
The roofs are flat and consist of wooden joists and beams supporting a
wooden deck covered with mud. Huascas were only found on the roof beams,
connecting two or three pieces with halved joints and/or plain laps.

Current Conditions
In this section of the chapter, the building has been divided into three sectors
according to level of deterioration, being sector 1 in moderate to good condition,
sector 2 in moderate condition, and sector 3 in poor condition.
(Appendix B6 – First floor plan showing 3 sectors)

Sector 1
This sector comprehends the three floors from the façade up to the first
patio.
The areas occupied by El Cordano and Distribuidora Vallejo on the first floor are
stable, since both of these commercial establishments have structurally reinforced
their spaces. Furthermore, an assessment was performed in the restaurant’s
storage room to determine the condition of the structure. One beam was
inaccessible, so seven of the eight beams were analyzed; these exhibited small
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cavities just below the surface.48 Also, one of the beams cracked diagonally;
therefore, it was braced. The adobe walls are in good condition; however, there are
moist areas at the base of the walls. The wood columns in main patio are severely
decayed, exhibiting large oval cavities, numerous and close together. The tile floors
in the vestibule, patios, hall, and rooms exhibit various conditions, such as
discoloration, staining, missing parts, and replacement of entire tiles. The three‐
flight staircase by the vestibule has been reconstructed with wood, given that the
original marble steps were looted. Furthermore, El Cordano, the Distribuidora
Vallejo, and the small bathroom located in between the vestibule and the staircase
are the only spaces with electricity and running water
The second floor is all built with quincha. This area is in moderate to good
condition except for room 243 located on the northeast corner, which is severely
deteriorated. The partition wall in this room has been taken down, and several
wooden posts were placed to support the structure above. Some posts do not
connect to the floor, which compromises the structural stability of the building. The
plastered walls have vertical cracks following the location of the posts. Wood
windows, frames and balconies show signs of decay, extensive fabric loss, and
accumulation of bird fecal matter. Wood flooring in the rooms and tile on the
corridor are missing in some areas, leaving holes and exposing the joists. Canes are
in good condition, they do not show signs of biodeterioration. There are also

Mandujano Montalvo, Edgar. “Evaluación de la Estructura de Madera del Ambient de Trabajo del
Restaurante El Cordano.”
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numerous areas with mud and plaster detachment, particularly at the bottom of the
walls where they meet the floor. Accumulation of debris is present throughout the
second floor of sector 1. There is only one sink with running water on the entire
floor, which is used by the caretaker as a kitchen sink
The third floor is also constructed with quincha and presents very similar
conditions than the second floor. These include vertical cracks following the
location of the posts, cavities on the wood and loss of material, and plaster and paint
detachment. In addition to these conditions, a pile of frass was found on the wood
flooring of room 350.

Sector 2
The Sector 2 refers to the area between the first patio and the second patio.
The first floor walls are constructed of adobe and areas of brick. Walls have vertical
cracks; and detached plaster and paint. The adobe wall on room 104 has partially
collapsed, so supporting posts have been placed. The tile floors on the hall are in
good condition, with some signs of wear.
The walls on the second floor exhibit extensive paint failure, plaster and mud
detachment, some areas are bulging out, and horizontal and vertical cracks follow
the length of the posts. Supporting posts have been placed in rooms 211 and 214.
Floor boards on the southwest wall of room 214 are not connected to the wall.
Wood elements, such as window sills and frames are very deteriorated having lost
approximately 20% of their fabric.
The walls on the third floor have vertical cracks and plaster detachment,
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particularly notorious in rooms 313 and 317. A pile of brown colored frass was
found on the wooden floor of room 313. The wood floor boards in room 317 are
bowing with the center of the room being the highest point, thus three supporting
posts have been placed in the center of the room. Rooms 314, 315, 316 have also
been braced.

Sector 3
First floor walls are constructed with brick as opposed to the ones in Sector 1
that are adobe. The difference in materials and construction suggests that this
sector was built in a different phase than Sector 1, but no documentation was found
to corroborate this. This sector contains the bathrooms for the entire floor, and it is
the most deteriorated area of the building, making it inaccessible.
The second floor walls are built with quincha and are in very poor condition.
They have a significant number of cracks, and paint and plaster detachment on
rooms 216, 217, 218, 219. Nine rooms have been braced with wood posts, which
are rooms 216, 218, 221, 222, 223, 224, 226, 226, and 227.
The third floor is in similar condition as the second floor with almost all
rooms having to be braced. These are rooms 318, 319, 320, 323, 324, 325, and 326.

Collapsed Area
The three floors of an entire section of the hotel have collapsed. This area
has been cleaned and wood has been organized in piles. Records indicate that in
December of 1994, the wall on the first floor collapsed, which affected areas in the
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floors above where cracks and sunken elements can be found.49 Four years later in
the month of July, an adobe wall on the first floor collapsed. Adjacent rooms have
been braced with wooden posts.50 Adjacent areas have been inspected to ensure
their stability.

5.5 WOOD IDENTIFICATION
Sampling
Eight wood samples were extracted from different elements of the Hotel
Comercio to be brought to the U.S. for analysis during two separate site visits. The
elements were photographed before and after the extraction of the samples for
documentation. The samples were cut with a handsaw, labeled and stored in plastic
bags. During the first site visit in January of 2011, two samples were extracted from
two elements on the northeastern room on the second story. The elements sampled
were chosen due to accessibility, structural function, and condition of wood. The
first sample, rectangular in shape and with measurements of approximately 4 x 2 x 2
in, was taken from an exposed post on the southeast wall, a load bearing wall. The
second sample, measuring 1 x 1 x 1 in, was taken from the joist supporting the
second story subflooring. Both samples did not show signs of biological
deterioration, which made them suitable for wood identification.
Six more samples were extracted during the second site visit on October of

49
50

Cortez Morales, Ever, , Hugo Casso Valdivia. “Informe Técnico de Oficio No. 061‐2000‐OPNS.”
Ibid.
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2012. These second set of samples were chosen for their accessibility, varied
locations, and the different conditions of wood. All samples were from elements
already with exposed surfaces. They were also taken from different structural
elements in different floors and sectors. Four samples did not have visual signs of
biological deterioration, while two showed signs of insect attack. Although damaged
wood is not ideal for wood identification, it is very useful to be analyzed for insect
identification. (See Appendix E).

Preparation of Samples
Wood samples were placed in a dessicator at the Architectural Conservation
Laboratory at the University of Pennsylvania. All samples were photographed using
a Leica MZ16 microscope, a Leica KL2500 lighting, and a Nikon DS‐Fi1 camera.
Then, the samples were cut at the Fabrication Laboratory at the University of
Pennsylvania using a band saw to reduce their size. Each sample was cut into three
separate pieces with a dovetail saw, in the tangential, radial and longitudinal planes.
The cuts resulted in 24 samples of rough rectangular shapes of ¾ x ½ x ½ in. The
goal was to get even shaped and clean samples; however, this was difficult with the
smaller and uneven samples extracted from Hotel Comercio. Lastly, each of the
samples was boiled and thin sections were cut with a single edged razor blade. It
was very important to keep the blade sharp in order to get high quality surfaces.
Each thin section was mounted on a microscope glass slide, a drop of
Stoddard solvent was applied to the surface of the sample with an eyedropper, and
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covered with a cover glass for examination.

Fig. 5.12 ‐ Laboratory tray with wood samples. Source: author

Fig. 5.13 ‐ Stored wood samples. Source: author
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Macroscopic and Microscopic Examinations
Each sample was analyzed and observations were recorded. First, the eight
samples were examined with the unaided eye for gross features such as color, grain,
pattern, and smell. After they were cut into 24 smaller pieces and the three planes
were exposed, the samples were inspected with a 10x hand lens for any perceptible
features such as presence and distribution of pores, vessels, and rays. After cutting
thin sections, these were placed under the microscope for examination and
photographing the samples.
A source consulted for wood identification was The Woodbook: The Complete
Plates,51 which includes hundreds of species of wood found in the U.S. and Europe
along with their scientific names, narrative descriptions, and images of the three
planes. Another source consulted was Hoadley’s Identifying Wood,52 which gives
magnified longitudinal sections of the most commonly used woods in the U.S. "The
Wood Database"53 provides 10x magnification images of longitudinal sections, and
was also consulted for visual comparison. The only publication available to me
about Peruvian wood is the Atlas de Maderas del Peru,54 offering both common and
scientific names, description of wood, anatomical characteristics, and images of the
wood pattern and the three sections in 40x, 50x and 100x magnifications.
Samples S‐1‐II‐a and S‐1‐II b, both extracted from the same room but from

51

Hough, Romeyn B. The Woodbook: The American Woods.
Hoadley, R. Bruce. Identifying Wood: Accurate Results with Simple Tools.
53 Meier, Eric. "The Wood Database."
54 Acevedo Mallque, Moisés, Yoji Kiyata. Atlas de Maderas del Peru.
52
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different structural members have identical anatomical characteristics. The lack of
pores in both indicated that they are softwoods. Observations included a cedar‐like
odor, yellowish brown color, fine texture (tracheids cannot be seen clearly),
presence of one bordered pits, non‐resinous canals, and cupressoid cross field
pitting. All these features observed indicate that the samples are a type of cedar;
however, the specific specie cannot be determined since cedar anatomies are very
similar. Figures 5.14, 5.15 and 5.16 show longitudinal sections of sample S‐1‐II‐a
from Hotel Comercio, Atlantic White‐Cedar (Chamaecyparis thyoides), and Northern
White‐Cedar (Thuja occidentalis) for visual comparison.
Samples S1‐III‐a, S2‐III‐a, and S3‐II‐a were extracted from the second and
third floors from the three different sectors and have very similar anatomical
characteristics. All three are softwoods with dark red to brown heartwood and very
abrupt transitions between earlywood and latewood. They exhibit resinous canals,
abundant spiral thickening in tracheids, and piceoid crossfield pitting. The anatomy
of the three samples is very similar to Douglas‐fir, an evergreen conifer species
native to western North America with a very distinctive anatomy. If it is in fact
Douglas‐fir, this means that the wood was imported since it does not grow in Peru.
The other possibility would be that the sample is not Douglas‐fir, but another
species that resembles it; in this case I was not able to find a Peruvian specie that
would fit the anatomical characteristics of Douglas‐fir. Figures 5.17 to 5.20 show
radial and tangential sections of S1‐III‐a from Hotel Comercio and from Identifying
Wood for visual comparison.
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Fig. 5.14 ‐ Sample S1‐II‐a from Hotel Comercio,
longitudinal section, 40x magnification

Fig. 5.15 ‐ Atlantic White‐Cedar longitudinal
section. Source: Hoadley, R. Bruce. Identifying
Wood. pp 159

Fig. 5.16 ‐ Northern White‐Cedar longitudinal
section. Source: Hoadley, R. Bruce. Identifying
Wood. pp 159

98

Fig. 5.17 ‐ Sample S1‐III‐a from Hotel
Comercio, longitudinal section, 40x magnifica‐
tion

Fig. 5.18 ‐Douglas‐fir longitudinal section.
Source: Hoadley, R. Bruce. Identifying Wood.
pp 150

Fig. 5.19 ‐ Sample S3‐II‐a radial section from
Hotel Comercio. 200x magnification

Fig. 5.20 ‐ Douglas‐fir spiral thickening in lon‐
gitudinal tracheids with resin canals. Source:
Hoadley, R. Bruce. Identifying Wood. pp 151
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Samples S2‐I‐b and S3‐II‐b also exhibit identical anatomical features,
therefore, they are likely to be the same species. Sample S2‐I‐b was extracted from a
beam lying on Room 120, but probably belonged to the collapsed area and placed in
Room 120 for purposes of storing it. Sample S3‐II‐b was taken from a joist in Room
228. The tangential and radial sections have dark brown and yellow stripes, while
the longitudinal sections are dark brown. Both samples are hardwoods with diffuse
pores visible to the naked eye. The pores are solitary, with presence of tyloses and
gums. They exhibit a medium texture and high luster. By examining the features, it
was determined that the sample was very likely to belong to the Walnut genius. The
samples S2‐I‐b and S3‐II‐b were compared to Peruvian walnut (Juglans neotropica),
commonly known in Peru as Nopal, and was found very similar to the Peruvian
specimen.55 The samples were also compared with Black Walnut (Juglans nigra),
and was found to be very similar. However, the latter one is semi‐diffuse porous.
Figures 5.21 to 5.26 show longitudinal sections of both samples extracted from
Hotel Comercio, a longitudinal sections of Peruvian walnut and Black walnut,
tangential sections of sample S2‐I‐b and Black walnut.

55

Acevedo Mallque, Moisés, Yoji Kiyata. Atlas de Maderas del Peru. pp 54, 154.
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Fig. 5.21 ‐ Sample S3‐II‐b from Hotel
Comercio, longitudinal section, 40x magnifica‐
tion

Fig. 5.22 ‐ Peruvian walnut longitudinal sec‐
tion. Source: Wood Database. www.wood‐
database.com/wood‐identification/

Fig. 5.23 ‐ Sample S2‐I‐b from Hotel Comercio,
longitudinal section, 40x magnification

Fig. 5.24 ‐ Black walnut longitudinal section.
Source: Hoadley, R. Bruce. Identifying Wood.
pp 116

Fig. 5.25 ‐ Sample S2‐I‐b from Hotel Comercio,
tangential section, 40x magnification

Fig. 5.26 ‐ Black walnut tangential section.
Source: Hoadley, Identifying Wood. pp 117
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Table 5.2 – Wood identification of samples from Hotel Comercio
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Lastly, samples were sent to three specialists in wood identification. Manuel
Chavesta Custodio, engineer at the Forestry Department at the Peruvian National
University for Agrarian Studies, analyzed samples SI‐II‐a and SI‐II‐b. It was
determined that both samples were the same species, being these Eastern Red
Cedar (Juniperus virginiana).
Harry A. Alden from Alden Identification Service analyzed samples S1‐II‐a,
S1‐II‐b, S1‐III‐b, S2‐I‐a, and S1‐III‐a. According to his analysis, S1‐II‐a is Atlantic
White Cedar (Chamaecyparis thyoides), a coniferous species found in North America.
S1‐II‐b is Podocarpus (Podocarpus sp.), a primitive conifer native to the southern
temperate regions through the tropical highlands, such as South America, South
Africa, Japan, and the West Indies. S1‐III‐a is Douglas‐fir (Pseudotsuga menziesii) a
species native to North America. S1‐III‐b is Keruing (Dipterocarpus sp.), composed
of over seventy species found throughout Indo‐Malasia. S2‐I‐a is Eastern Red Cedar
(Juniperus virginiana), species native to eastern North America.
Joseph R. Loferski from the Virginia Polytechnic Institute and State
University analyzed all eight samples. He determined that S1‐II‐a and S1‐II‐b are
the same species, both a type of cedar, but not Eastern Red Cedar as identified by
Chavesta Custodio. S1‐III‐b is Douglas‐fir (Pseudotsuga menziesii), agreeing with
Loferski’s identification of the sample. S1‐III‐b was found to be from the Walnut
genius. S2‐I‐a was identified as a type of cedar different from S1‐II‐a and S1‐II‐b.
S2‐I‐b belongs to the Walnut genius, possibly the same as S1‐III‐b. Finally, S3‐II‐a
and S2‐III‐a were also found to be Douglas‐fir (Pseudotsuga menziesii). Their
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analyses reports can be found in Appendix F.

5.6 ANALYSIS OF CONDITIONS (AFFECTING
PERFORMANCE OF THE BLDG) AND PROBABLE
DETERIORATION MECHANISMS
According to Ever Cortéz Morales and Hugo Casso Valdivia, both engineers
from Segunda Región de Defensa Civil, who made a visual inspection of the building,
the deterioration of the building has been due to age and humidity. 56 Humidity on
the base of the adobe walls have resulted in settlement of the walls, causing cracks
on the walls themselves and warping the floors above. Some of the voids of the
adobe walls have been filled in with brick and mortar cement.
Architect Jaime Exebio Lopez states that wall collapsed on September of
2001 was due to humidity.57 In October of 2004, it was determined that
deterioration of the building was due to lack of maintenance and abandonment.
Also, sections of adobe walls on the first floor rooms have collapsed compromising
the structural stability of the stories above. The humidity was caused due to the
failure of water pipes.58

Lopez, Jaime Exebio. “Informe No. 238‐2004‐INC/DPHCR‐SDCR‐JMEL.”
Ibid.
58 Ibid.
56
57
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Recommendations and Conclusions
6.1 SUMMARY OF RESEARCH
Historic centres in Latin America, such as Lima have gone through a process
of renewal in the last decade that has improved the quality of life of their
population. This has only been possible through preservation strategies that
delineate protected areas, the collaboration of local authorities and international
institutions, the encouragement of local tourism, and by empowering their
inhabitants. However, political instability and financial bounds have slowed down
the revitalization process and have had an insidious effect on historic buildings such
as in the case of the Hotel Comercio in the Historic Centre of Lima.
Historic buildings in Lima are a testimony of the rich history of the country,
and should be preserved because they are as important to the urban fabric of the
surrounding environment as its surrounding environment is for the buildings. Lima
was found in the 16th century around a main plaza, which was the center of the
Spanish town in where the official functions would take place. This is reflected on
the architectural heritage, which contributes to the homogeneity of the city in where
buildings tell the story of a colonial town that held great political, economic and
cultural importance. Large wood doors, decorative ironwork, Sevillian tiles, and
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patios as found in the Hotel Comercio, make Lima a city full of richness and
character.
Quincha construction is vital to Lima’s architectural heritage, since it
presents valuable information for architects and conservators, who will have to
restore and preserve the structures throughout the country. The study of quincha
will also aid in the development of an efficient and economical way to build housing
that is resistant to seismic activity and that is accessible to all. Fortunately,
institutions such as ININVI, SENCICO, The Getty Conservation Institute, and the
Pontifical Catholic University of Peru among others have been very active in the
study and testing of quincha for both old and new construction. The ININVI for
example, explored quincha construction since the 1970’s. It published several
manuals such as Adobe, Nuevas Casas Resistentes de Adobe, Diseño y Construcción con
Madera Norma Técnica de Edificación, and Quincha PreFabricada: Fabricación y
Construcción, all dedicated in the research of traditional and modern materials to
provide safe, economical and comfortable housing for the Peruvian population. The
ININVI became part of SENCICO in 1995, eventually disappearing. As a result,
SENCICO assumed many ININVI’s functions and continues to research traditional
construction techniques and their use in modern construction. SENCICO revised
and republished ININVI’s Quincha PreFabricada: Fabricación y Construcción in 1995
and 1997, and is also responsible for the development of the Peruvian National
Building Code.
Wood, as any other construction material has its limitations, being the most
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important ones its susceptibility to biological attack and fire. Preserving wood in
structures may be a financial burden for the owner; however, these can be justified
since the service life of the structures can be extended considerably. The demand
for replacement wood would be reduced, as well as labor costs involved for repairs
and reconstruction, and costs involving structural failure. The natural durability of
wood can be extended by the use of preservatives, impervious coatings, and
adequate drying methods.

6.2 WOOD IDENTIFICATION
Identifying wood to an exact genus and species is extremely difficult. For
one, wood is a complex material exhibiting great variability depending on the
environment in where it grows. Two pieces of wood from two different trees of the
same species can vary in appearance; even two pieces of wood from the same tree
can be surprisingly variable.

Secondly, wood identification is not an exact

science; it relies on experience, intuition, and sensory evaluation. Most of the
information required for identification comes observing the anatomical structure
(cell structure), physical properties (such as color, density, and hardness), smell,
and even taste, making this a somewhat subjective process. Additionally, closely
related species cannot be separated by only analyzing the wood characteristics;
other information such as its leaves, flowers, fruits, and bark is needed in order to
differentiate the from one to another.
Identification was also difficult because of the lack of sources for microscopic
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structure of wood. There is plenty of research conducted on woods from the United
States and Europe, but very little for woods from the rest of the world. This made it
difficult to visually compare the samples from Hotel Comercio to a larger database.
It is helpful to know the origin of the piece to be examined. Knowing the
geographic location, the approximate year of construction of the structure from
where the piece came from, and also having information about the member from
where it was extracted from can narrow down the possibilities significantly.
However, this information is not always known and with so many species of wood
around the world, the possibilities are endless.

6.3 RECOMMENDATIONS FOR CONSERVATION AND
MAINTENANCE
Conservation for quincha buildings including Hotel Comercio should involve
minimal intervention to retain as much original fabric as possible. Non‐intervention
was considered for the soiled and discolored surfaces, since they do not
compromise structural stability of the building. Replacement of original wood
should be limited with dutchmen being preferred for areas severely deteriorated.
All conservation projects should be supported by an ongoing maintenance routine.

Local Expertise
Local professionals and institutions should be gathered and consulted.
SENCICO for example, has an established training program aimed at studying and
implementing the use of quincha for new construction. Their knowledge can be very
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valuable for the conservation of historic quincha buildings. Additionally, Taller de
Lima, a technical school in Peru, has a program focused on the conservation of
historic structures and has played an important role in the preservation of buildings
in the Historic Centre of Lima.

Inspection and Emergency Intervention
Preventive conservation measures must be adopted to safeguard the
building's fabric as well as the occupants. Since high moisture content in wood is
the most common issue conducive to wood decay, it is very important to monitor for
water infiltration. If there is an indication of water entering the building, the
sources of the water infiltration must be detected. Pipes must be monitored for
failure, roofs and openings on the building envelope and runoff water systems must
be inspected. In the case of unoccupied buildings such as Hotel Comercio, water
should be shut off to prevent water from escaping and causing damage. In addition,
direct contact of wood with the soil or other sources of water must be avoided.
Moisture from the soil, standing water, or waterlogging will damage the wood
altering its composition and affecting its physical and chemical properties, which in
turn will reduce its structural strength.
An assessment should be performed for structural damage related to water
infiltration, insect and fungal attack. Structural assessments are needed to ensure
the stability of the building. Structural shoring must be implemented if needed, and
members that threaten life safety must be addressed immediately. Temporary
109

roofing should be placed to prevent further damage to the exposed remaining
structure.

Wood and Insect Identification
The wood samples analyzed from the Hotel Comercio provided promising
candidates for woods used in Lima historically. However this is only a start.
Further research should be performed to come into a more accurate identification.
It was very surprising to see that some of the samples resemble a lot to North
American wood species such as Black walnut and Douglas‐fir. Whether there are
native species in Peru which anatomies resemble the North American species, or the
possibility of wood being imported from North America are both plausible
scenarios. My research only found Ecuador, Panama, and Nicaragua as sources for
imported wood in Peru before the 20th century. There is a possibility that these
countries might have been importing their wood from North America, and that is
how they became available in Lima; however, a definitive answer cannot be
determined at the time.
A similar scenario was encountered when analyzing the pathologies of wood
for insect identification. The lacks of sources of Peruvian pests as well as not having
encountered the insects themselves, made it very difficult accurately identify them.
In addition, I was not able to find a single source about any type of wood destroying
insect being identified or studied in Peru, but only mention of the existence of
termites. Consequently, the extensive list of pests found in the world was narrowed
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down to wood destroying organisms that are likely to attack in Lima due to living
requirements of each and signs of their presence left behind such as exit holes and
frass. The insects most likely to be attacking the wood in Hotel Comercio are
Furniture beetles and dry‐wood termites. This was determined by the size and
shape of the exit holes, characteristics of the attacked wood, and the piles of frass
left behind.

Testing
Testing for characterization and diagnosis of deterioration mechanisms
should be performed. Wood diagnosis test methods are provided in Chater 4:
Testing Methods and Diagnosis. The tests are limited to those that are most suitable
for application in Peru. Some of these tests are:


Visual evaluation: preliminary examination for signs of biodeterioration on
exterior of wood and general condition of wood



Examine exit holes, piles of frass, characteristics on deteriorated wood: to
diagnose insect infestation



Unaided auscultation/stethoscope: to hear feeding noises



Increment cores: to determine water content within wood



Light and electron microscopy: simple procedure to obtain an image of
biodeterioration



Bromophenol blue and Bromocresol green: color indicators to detect
presence of brown‐rot and white‐rot fungi
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After establishing the mechanisms, testing for possible treatments is needed
and can be accomplished by performing mockups of various treatments in situ.


Flufenoxuron (Flurox): wood preservative to control larvae of wood‐
destroying insects. Also has preventive effectiveness against attack



Impregnation via bore holes of liquid preservatives: to prevent the spread of
decay to sound wood while preserving as much original material as possible



Carbon dioxide: fumigant against wood destroying insects



Metarhizium anisopliae: fungus used as a termite repellent in the form of
powder

Consolidation
Consolidation treatments should be used to reestablish cohesion
stabilization of members damaged by mechanical, chemical, or biological agents.
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C2 – Current Conditions Images
Sector 1: First Floor

First Floor Plan highlighting Sector 1
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Post on first patio with voids caused by insect attack. Yellowish frass can be seen on
the photo on the right.

Plaster detachment on the bottom of the wall in room 103, exposing adobe bricks.
173

Ceramic floor tiles in the zaguán exhibit discoloration, loss of surface, cracking, and
depressions. Large areas have been filled in with concrete.

Ceramic tiles in the first patio show discoloration, and loss of surface and pattern.
Tiles on the edges have been replaced with solid dark red tiles.
174

Staircase leading to the second floor with replaced steps
175

Sector 1: Second Floor

Second Floor Plan highlighting Sector 1
176

Vertical cracks on plastered walls on corridor
177

Vertical crack and plaster loss in room 234
178

Detachment of post from the floor in room 243

Detachment of wall from the floor in room 234
179

Missing tiles in the corridor

Missing wood planks on flooring in rooms 241 and 243
180

Numerous circular perforations on wood post in room 243

Oval cavities, tunneling, and extensive material loss on wood post in room 243
181

Dark brown and yellowish frass on floor boards in room 204

Depressions on stair treads, material loss, and large cavities
182

Bracing on rooms 233 and 243
183

Sector 1: Third Floor

Third Floor Plan highlighting Sector 1
184

Plaster and mud detachment on base of wall, lifted floor boards in room 339

Plaster detachment (horizontal and diagonal over post) in room 350
185

Light brown and yellowish frass on floor boards of room 350

Surface peeling, large cavities, material loss on wood in room 350
186

Plaster and mud detachment, extensive material loss on wood in room 345
187

Large opening on floor at corner of room 334, mud detachment and exposed cane.

Plaster and mud detachment, stained wood beam in room 345
188

Removed partition wall in room 350
189

Sector 2: First Floor

First Floor Plan highlighting Sector 2
190

Large oval cavities and extensive material loss on second patio post
191

Bracing in room 104
192

Placement of posts for supporting beams in room 104 and in between rooms 104
and 105
193

Partial collapsed of adobe wall in between rooms 105 and 106. Supporting posts
have been placed. Mud detachment of wall exposing brick.

194

Bracing on second patio, outside of room 106
195

Bracing in room 120

Plaster detachment exposing adobe bricks and accumulation of debris in room 120
196

Decorative plaster wall on room 104 is in poor condition. Large patches, dark
vertical stains on the bottom, soiling, vertical crack running from one of the ceiling
joists towards the middle of the wall
197

Ceramic tile floor in room 120 in good condition, but with some powdering and
discoloration

Ceramic tile floor in second patio in moderate condition. Exhibit discoloration,
staining and minimal loss of surface
198

Sector 2: Second Floor

Second Floor Plan highlighting Sector 2
199

Severely deteriorated wood frame of window on room 213. Extensive material loss,
wood seems brittle.

Plaster and mud detachment below window of room 213
200

Floor boards of room 214 do not connect to the wall. There is some material loss of
wood.

Plaster and mud detachment on the bottom of northeast wall of room 234, exposed
punta, accumulation of debris.
201

Cracks on southeast wall of room 209: vertical cracks running from floor to ceiling
and horizontal cracks running in between vertical cracks. Paint peeling.
202

Vertical cracks running from floor to ceiling, paint peeling following cracks, and
some mud detachment on southeast wall of room 210
203

Sector 2: Third Floor

Third Floor Plan highlighting Sector 2
204

Floor joists on corridor next to room 336 exhibit tunneling and material loss. Wood
appears to be brittle and has dark spots.

Dark brown and light brown frass found on flooring of room 313 along with a cream
colored unidentified matter with spongy texture.
205

Bowed floor boards and bracing in room 317
206

Partition wall in room 313 has been removed. Sections of northwest wall have
delaminated paint, and wall is bulging out causing cracks on the plaster.
207

Northwest wall of room 313 exhibits diagonal cracks, delaminated paint, and plaster
detachment.
208

Sector 3

First Floor Plan highlighting Sector 3
209

Wood of room 324 door is severely deteriorated. There is extensive material loss,
accumulation of frass, and flaking paint.

210

All spaces in Sector 3 have been braced to support the structures above as well as
the walls.
211

Detachment of plaster exposing brick underneath
212

Collapsed Area

First Floor Plan highlighting Collapsed Area
213

View of collapsed area
214

Broken beam with a fracture running along the wood grain and broken huascas.

Detached posts
215

Collapsed brick wall
216

Warped beam
217

Dark stains on wood beam

Dark spots on wood beam
218

Ground was excavated to expose foundation
219
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Hotel Comercio Wood Identification
Lima, Peru

Sample: S1-II-a_
Date Sampled:
Location:
Element:
Date Analyzed:
Prepared by:

Jan. 14, 2011
sector 1, second floor, room 243, SE wall
post
Dec. 20, 2012
Rie Yamakawa

Camera:
Canon Rebel T1i
Megapixels: 15.1
Lens:
Canon EF-S 18-200mm 1:3.5-5.3 IS

232

Microscope: Olympus CX31RBSF
Lighting:
Volpi Intralux 5000-1
Halogen Reflector 20V/150W
Camera:
Nikon DS-Fi1
Ojective:
4x

ID:

Tangential

A type of Cedar (exact
species unknown)
Similar to Atlantic White
Cedar (Chamaecyparis
thyoides)
Radial

Class:
Features:

Softwood
- non-resinous
- cedar like odor
- cupressoid cross field
pitting

Longitudinal

233

Hotel Comercio Wood Identification
Lima, Peru

Sample: S1-II-b_
Date Sampled:
Location:
Element:
Date Analyzed:
Prepared by:

Jan. 14, 2011
sector 1, second floor, room 243, flooring
joist
Dec. 11, 2012
Rie Yamakawa

Microscope:
Lighting:
Camera:
Ojective:

Leica MZ16
Leica KL2500 LCD
Nikon DS-Fi1
0.5x

234

Microscope: Olympus CX31RBSF
Lighting:
Volpi Intralux 5000-1
Halogen Reflector 20V/150W
Camera:
Nikon DS-Fi1
Ojective:
4x

ID:

Tangential

A type of Cedar (exact
species unknown)
Similar to Manio
(Podocarpus nubigenus,
Podocarpus salignus)
Radial

Class:
Features:

Softwood
- non-resinous
- cedar like odor
- cupressoid cross field
pitting

Longitudinal
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Hotel Comercio Wood Identification
Lima, Peru

Sample: S1-III-a_
Date Sampled:
Location:
Element:
Date Analyzed:
Prepared by:

Oct. 12, 2012
sector 1, third floor, room 344
uncertain
Dec. 22, 2012
Rie Yamakawa

Microscope:
Lighting:
Camera:
Ojective:

Leica MZ16
Leica KL2500 LCD
Nikon DS-Fi1
0.5x

236

Microscope: Olympus CX31RBSF
Lighting:
Volpi Intralux 5000-1
Halogen Reflector 20V/150W
Camera:
Nikon DS-Fi1
Ojective:
4x

ID:

Tangential

Very similar to Douglas-fir,
(Pseudotsuga menziesii)

Radial
Class:
Features:

Softwood
- resinous
- abundant spiral thickening in tracheids
- piceoid crossfield pitting
- dark red heartwood

Longitudinal
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Hotel Comercio Wood Identification
Lima, Peru

Sample: S2-I-a_
Date Sampled:
Location:
Element:
Date Analyzed:
Prepared by:

Oct. 12, 2012
sector 2, first floor, 2nd patio
post lying on ground (probably from collapsed area)
Dec. 21, 2012
Rie Yamakawa

Microscope:
Lighting:
Camera:
Ojective:

Leica MZ16
Leica KL2500 LCD
Nikon DS-Fi1
0.5x

238

fecal pellets

Microscope: Olympus CX31RBSF
Lighting:
Volpi Intralux 5000-1
Halogen Reflector 20V/150W
Camera:
Nikon DS-Fi1
Ojective:
4x

ID:

Tangential

A type of Cedar (exact
species unknown)
Similar to Eastern
Red Cedar (Juniperus
virginiana)
Radial

Class:
Features:

Softwood
- non-resinous
- cupressoid-taxodioid
cross field pitting
- dark red heartwood
- sweet odor

Longitudinal
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Hotel Comercio Wood Identification
Lima, Peru

Sample: S2-I-b_
Date Sampled:
Location:
Element:
Date Analyzed:
Prepared by:

Oct. 12, 2012
sector 2, first floor, room 120
beam lying on ground (probably from collapsed area)
Dec. 08, 2012
Rie Yamakawa

Microscope:
Lighting:
Camera:
Ojective:

Leica MZ16
Leica KL2500 LCD
Nikon DS-Fi1
0.5x

240

Microscope: Olympus CX31RBSF
Lighting:
Volpi Intralux 5000-1
Halogen Reflector 20V/150W
Camera:
Nikon DS-Fi1
Ojective:
4x

ID:

Tangential

Walnut genus
Very similar to black
walnut (Juglans nigra)
Possibly Peruvian walnut
(Juglans neotropica, J.
olanchana, etc)
Radial

Class:
Features:

Hardwood
- semi-diffuse porous

Longitudinal

241

Hotel Comercio Wood Identification
Lima, Peru

Sample: S3-II-b_
Date Sampled:
Location:
Element:
Date Analyzed:
Prepared by:

Oct. 12, 2012
sector 3, second floor, room 228
joist
Dec. 08, 2012
Rie Yamakawa

Camera:
Canon Rebel T1i
Megapixels: 15.1
Lens:
Canon EF-S 18-200mm 1:3.5-5.3 IS

242

Microscope: Olympus CX31RBSF
Lighting:
Volpi Intralux 5000-1
Halogen Reflector 20V/150W
Camera:
Nikon DS-Fi1
Ojective:
4x

ID:

Class:
Features:

Walnut genius
Very similar to black
walnut (Juglans nigra)
Possibly Peruvian walnut
(Juglans neotropica, J.
olanchana, etc)
Similar to Keruing
(Dipterocarpus sp.)

Tangential

Radial

Hardwood
- diffuse porous

Longitudinal

243

Hotel Comercio Wood Identification
Lima, Peru

Sample: S2-III-a_
Date Sampled:
Location:
Element:
Date Analyzed:
Prepared by:

Oct. 12, 2012
sector 2, third floor, hallway (next to room 336)
joist
Dec. 08, 2012
Rie Yamakawa

Microscope:
Lighting:
Camera:
Ojective:

Leica MZ16
Leica KL2500 LCD
Nikon DS-Fi1
0.5x
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Microscope: Olympus CX31RBSF
Lighting:
Volpi Intralux 5000-1
Halogen Reflector 20V/150W
Camera:
Nikon DS-Fi1
Ojective:
4x

ID:

Tangential

Very similar to Douglasfir, (Pseudotsuga menziesii)

Radial
Class:
Features:

Softwood
- resinous
abundant spiral thickening
in tracheids
- piceoid crossfield pitting
-dark red heartwood

Longitudinal
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Sample: S3-II-a_
Date Sampled:
Location:
Element:
Date Analyzed:
Prepared by:

Oct. 12, 2012
sector 3, second floor, room 327
post
Dec. 11, 2012
Rie Yamakawa

Microscope:
Lighting:
Camera:
Ojective:

Leica MZ16
Leica KL2500 LCD
Nikon DS-Fi1
0.5x
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Microscope: Olympus CX31RBSF
Lighting:
Volpi Intralux 5000-1
Halogen Reflector 20V/150W
Camera:
Nikon DS-Fi1
Ojective:
4x

ID:

Tangential

Very similar to Douglas-fir
(Pseudotsuga menziesii)

Radial
Class:
Features:

Softwood
- resinous
- abundant spiral thickening in tracheids
- piceoid crossfield pitting
- dark red heartwood

Longitudinal
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Alden Identification Service
3560 Brookeside Drive, Chesapeake Beach, MD 20732
http://woodid.homestead.com/ais.html

7/5/12

410-286-8722
aldenid@comcast.net

Invoice #: 4319

Mr. Rie S. Yamakawa
32 North 40th Street #3F
Philadelphia, PA 19104
Dear Rie,
Thank you for sending the 1 sample (Structural Wood from Lima, Peru) to us for identification. It is as
follows:
1-

Podocarpus

Podocarpus sp.

Podocarpus (Podocarpus spp. /Podocarpaceae) is a primitive conifer genus that contains about
103 species native to the southern temperate regions through the tropical highlands of the globe including
temperate South America, South Africa, Japan and the West Indies. When the super continent Gondwana
broke apart around 100 million years ago, the ancestors of Podocarpus were separated, resulting in species
on most of the present day continents. They are all evergreen shrubs and trees that can reach heights of 75
to 120 feet. Many species are large enough to produce beautiful lumber. The timber has a light yellow or
straw yellow color with a clear, fine straight grain. It weighs between 25 and 35 pounds per cubic foot. The
microscopic wood anatomy of most species is identical.
South African Yellowwood (Podocarpus elongata & P. thunbergii) appears in colonial furniture of the
Cape Colony (Dutch & English).
P. dacrydioides – New Zealand White Pine [New Zealand] – general construction
P. elongata –
Common Yellow-wood [South Africa] – beams, planks & general construction work
P. falcatus False Yellowwood [South Africa] - furniture, roof beams, floorboards, door and window
frames and boat building (topmasts of ships).
P. ferruginea – Miro [New Zealand] – heavy construction and cabinetry
P. latifolius Real Yellowwood [South Africa] – flooring, furniture, sleepers, wagon beds, coffins
P. nubigenus – Manio [Chile]
P. salignus –
Manio [Chile]
P. spicata –
New Zealand Black Pine [New Zealand] – durable & dense wood for outdoors and
cabinetry
P. totara –
Totara [New Zealand] – durable for outside work and furniture
P. urbanii –
Yacca [Jamaica]
Podocarp or Manio (Podocarpus spp. /Podocarpaceae) is also known as: Cipres (Guatemala,
Honduras), Cipricillo, Cipresillo lorito (Costa Rica), Pino chaquiro (Colombia), Pino castaneto
(Venezuela), and Pinho bravo (Brazil). It is native to the mountainous areas from the West Indies and
southern Mexico to southern Chile. The tree varies249
considerably with species, ranging from heights of 60 ft
and diameters 10 to 16 in. to heights of 100 ft and diameters up to 40 in. Clear straight boles often
somewhat fluted but without buttresses. The heartwood is pale yellow to yellowish brown; not distinct from
sapwood. The wood has a fine and uniform texture without conspicuous zones of latewood. It is somewhat
lustrous with the grain usually straight but may be slightly interlocked. Specific gravity (ovendry
weight/green volume) varies with species from 0.37 to 0.55 and the air-dry density is 28 to 42 pounds per
cubic foot. The timber works easily with hand and power tools; nails easily and takes stain, varnish, and
paint satisfactorily. Heartwood from trees grown in Belize reported to be moderately durable ground

P. elongata –
P. falcatus -

Common Yellow-wood [South Africa] – beams, planks & general construction work
False Yellowwood [South Africa] - furniture, roof beams, floorboards, door and window
frames and boat building (topmasts of ships).
P. ferruginea – Miro [New Zealand] – heavy construction and cabinetry
P. latifolius Real Yellowwood [South Africa] – flooring, furniture, sleepers, wagon beds, coffins
P. nubigenus – Manio [Chile]
P. salignus –
Manio [Chile]
Hotel Comercio Wood Identification
P. spicata –
New Zealand Black Pine [New Zealand] – durable & dense wood for outdoors and
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cabinetry
P. totara –
Totara [New Zealand] – durable for outside work and furniture
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P. urbanii –
Yacca [Jamaica]
Podocarp or Manio (Podocarpus spp. /Podocarpaceae) is also known as: Cipres (Guatemala,
Honduras), Cipricillo, Cipresillo lorito (Costa Rica), Pino chaquiro (Colombia), Pino castaneto
(Venezuela), and Pinho bravo (Brazil). It is native to the mountainous areas from the West Indies and
southern Mexico to southern Chile. The tree varies considerably with species, ranging from heights of 60 ft
and diameters 10 to 16 in. to heights of 100 ft and diameters up to 40 in. Clear straight boles often
somewhat fluted but without buttresses. The heartwood is pale yellow to yellowish brown; not distinct from
sapwood. The wood has a fine and uniform texture without conspicuous zones of latewood. It is somewhat
lustrous with the grain usually straight but may be slightly interlocked. Specific gravity (ovendry
weight/green volume) varies with species from 0.37 to 0.55 and the air-dry density is 28 to 42 pounds per
cubic foot. The timber works easily with hand and power tools; nails easily and takes stain, varnish, and
paint satisfactorily. Heartwood from trees grown in Belize reported to be moderately durable ground
contact under tropical exposure. Durability of other species from other are reported as low. It is used for
joinery, millwork, furniture components, boxes and crates, general construction, veneer and plywood, pulp
and paper, pattern making.
References:
Chudnoff Tropical Timbers of The World
Hinckley, F. Lewis. 1960. Directory of Historic Cabinet Woods

We appreciate your business!
Best Regards!

Harry A. Alden

RECEIPT
______________________________________________________________________________________
____________________________________________________________________________________

Date: 7/5/12
Invoice #: 4319
1 sample at $50.00 per sample
Check Number: 1068

$ 50.00_
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Thank You!
______________________________________________________________________________________
______________________________________________________________________________________
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Alden Identification Service
3560 Brookeside Drive, Chesapeake Beach, MD 20732
http://woodid.homestead.com/ais.html

12/5/12

410-286-8722
aldenid@comcast.net

Invoice #: 4386

Mr. Rie Silvana Yamakawa
4360 Spruce Street
Philadelhia, PA 19139
Dear Rie,
Thank you for sending the 4 samples (Historic Building) to us for identification. They are as follows:
1 – I-A2-a-post
2 – II-A1-a-post
3 – III-A1-a-joist
4 – III-A1-b-?

Eastern Red Cedar
Atlantic White Cedar
Douglas Fir
Keruing

Juniperus virginiana
Chamaecyparis thyoides
Pseudotsuga menziesii
Dipterocarpus sp.

Eastern Redcedar/Juniper, etc. (Juniperus spp./Cupressaceae). The Junipers are composed of
about 50 species, native to North America [13], Mexico and Central America [11], West Indies [5],
Bermuda [1], and the Old World [25]. The word juniperus is the classical Latin name. The wood of all
species in this genus looks alike microscopically.
Eastern North America
Europe/Middle East
Eastern Redcedar
J. virginiana
Common Juniper
J. communis
Southern Redcedar
J. silicicola
Grecian Juniper
J. excelsa
Stinking Juniper
J. foetidissima
Syrian Juniper
J. drupacea
Western North America
Ashe Juniper
California Juinper
Common Juniper
Alligator Juniper
Redberry Juniper
Drooping Juniper
Oneseed Juniper
Western Juniper
Utah Juniper
Pinchot Juniper
Rocky Mountain Juniper

Juniperus
Ashe
ashei
juniper
Juniperus
California
californica
juniper
Juniperus
Common
communis
juniper
Juniperus
Alligator
deppeana
juniper
Juniperus
Redberry
erythrocarpa
juniper
Juniperus
Drooping
flaccidjuniper
Juniperus
Oneseed
monsperma
juniper
Juniperus
Western
occidentalis
juniper
Juniperus
Utahosteosperma
juniper
Juniperus
Pinchot
pinchotii
juniper
Juniperus
Rocky
scopularum
Mountain juniper

Cedara, Atlantic White [Chamaecyparis thyoides (L.) B.S.P. Cupressaceae] The genus
Chamaecyparis is composed of 6 or 7 species, with 4 in Japan/Formosa and 3 in North America. The North
American species are:
251
Scientific Name
Common Name
C. lawsoniana
Port Orford Cedar
C. nootkatensis
Alaska Cedar
C. thyoides
Atlantic White Cedar
a

Identification and separation of North American species possible based on micro-anatomy (Kukachka, B.F. 1960.
Identification of coniferous woods. Tappi 43(11):887-896).

Common Juniper
Alligator Juniper
Redberry Juniper
Drooping Juniper
Oneseed Juniper
Western Juniper
Utah Juniper
Pinchot Juniper
Rocky Mountain Juniper

Juniperus
Common
communis
juniper
Juniperus
Alligator
deppeana
juniper
Juniperus
Redberry
erythrocarpa
juniper
Juniperus
Drooping
flaccidjuniper
Juniperus
Oneseed
monsperma
juniper
Juniperus
Western
occidentalis
juniper
Hotel
Juniperus
Utahosteosperma
juniper
Juniperus
Pinchot
pinchotii
juniper
Juniperus
Rocky
scopularum
Mountain juniper

Comercio Wood Identification

Lima, Peru

Alden Identification Service Report_

a

Cedar , Atlantic White [Chamaecyparis thyoides (L.) B.S.P. Cupressaceae] The genus
Chamaecyparis is composed of 6 or 7 species, with 4 in Japan/Formosa and 3 in North America. The North
American species are:
Scientific Name
Common Name
C. lawsoniana
Port Orford Cedar
C. nootkatensis
Alaska Cedar
C. thyoides
Atlantic White Cedar
a

Identification and separation of North American species possible based on micro-anatomy (Kukachka, B.F. 1960.
Identification of coniferous woods. Tappi 43(11):887-896).

The word chamaecyparis is derived from the Greek chamai (dwarf) and kuparissos (cypress). The term
thyoides means “like Thuja,” a related genus containing northern white-cedar. The other two North
American species are Port-Orford-cedar (Chamaecyparis lawsoniana) and Alaska-cedar (Chamaecyparis
nootkatensis). The wood of each of the three species in this genus is anatomically distinct.
Other Common Names: Amerikansk vit-ceder, cedar, cedre blanc d’Amerique, cedro bianco, cedro
bianco Americano, cedro blanco Americano, cipres blanco, cipresso bianco, coast white cedar, juniper,
kogelcypres, post cedar, retinospora, southern whitecedar, swamp-cedar, swano white cedar, vit-cypress,
white-cedar, white chamaecyparis, white cypress, witte
Amerikaanse ceder, zeder-zypresse.
Distribution: Atlantic white-cedar currently is native to
the Coastal Plain of the eastern United States from
central Maine south to northern Florida and west to
southern Mississippi. It is an obligate wetland species,
i.e. it can only grow in very wet areas, usually lowlands.
The Tree: Trees of Atlantic white-cedar reach heights of
60 ft (18.29 m), with diameters of 1 ft (0.30 m). Under
optimal growth conditions, this tree can reach heights of
120 ft (36.58 m), with diameters of 5 ft (1.52 m).
General Wood Characteristics: The sapwood of
Atlantic white-cedar is narrow and white, and the
heartwood is light brown with a reddish or pinkish tinge.
The wood has a characteristic aromatic odor when
freshly cut and has a faint bitter taste. It is light weight,
has a fine texture, and is straight grained. It is moderately
soft, low in shock resistance, and weak in bending and
endwise compression.
Working Properties: It works easily with tools, finishes smoothly, holds paint well, and splits easily.
Durability: Atlantic white-cedar heartwood is resistant to very resistant to decay (56).
Modern Use: Cooperage, wooden household furniture, boat building, fencing, and industrial
millwork.
Historic Use: Atlantic White Cedars ability to withstand both water and fungi (damp-rot) made it a premier
252
wood choice for boats and house clapboard and shingles in the American colonies. By the end of the 18th
Century, almost all of the living Atlantic White Cedar trees were removed from the swamps of Jersey [The
Pine Barrens, The Hackensack Meadowlands and Sandy Hook]. This area had the highest concentration of
the trees along the Atlantic Seaboard ~ 500,000 acres then, 115,000 today. Some tree loss was due to
habitat destruction (agriculture, peat & cranberry bogs).Dead trees had fallen into the swamp and been
preserved by the anaerobic environment to the cellular and molecular levels. They were subsequently
hauled out of the swamps and mined in the mud flats to satisfy the demand, prior to the Civil War. It was
also used for cooperage, wooden household furniture, fencing, buckets, decoys and channel-marking posts.

freshly cut and has a faint bitter taste. It is light weight,
has a fine texture, and is straight grained. It is moderately
soft, low in shock resistance, and weak in bending and
endwise compression.
Working Properties: It works easily with tools, finishes smoothly, holds paint well, and splits easily.
Durability: Atlantic white-cedar heartwood is resistant to
very resistant
to decayWood
(56).
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Historic Use: Atlantic White Cedars ability to withstand both water and fungi (damp-rot) made it a premier
wood choice for boats and house clapboard and shingles in the American colonies. By the end of the 18th
Century, almost all of the living Atlantic White Cedar trees were removed from the swamps of Jersey [The
Pine Barrens, The Hackensack Meadowlands and Sandy Hook]. This area had the highest concentration of
the trees along the Atlantic Seaboard ~ 500,000 acres then, 115,000 today. Some tree loss was due to
habitat destruction (agriculture, peat & cranberry bogs).Dead trees had fallen into the swamp and been
preserved by the anaerobic environment to the cellular and molecular levels. They were subsequently
hauled out of the swamps and mined in the mud flats to satisfy the demand, prior to the Civil War. It was
also used for cooperage, wooden household furniture, fencing, buckets, decoys and channel-marking posts.
Alden, Harry A. 1997. Softwoods of North America. Gen. Tech. Rep. FPL-GTR-102. Madison, WI: U.S.
Department of Agriculture, Forest Service, Forest Products Laboratory. 151 pp.
Sloane, Eric. 1965. A reverence for wood. Dover Publications, Inc., New York. 111 pp.
http://www.nj.gov/dep/parksandforests/forest/njfs_awc_initiative.html
Douglas-fir (Pseudotsuga menziesii/ Pinaceae) contains 2 species native to western North
America (Coast Douglas-fir, Pseudotsuga menziesii and Bigcone Douglas-fir, Pseudotsuga macrocarpa), 1
in Mexico (Mexican Douglas-fir, Pseudotsuga lindleyana), 1 in Japan (Japanese Douglas-fir, Pseudotsuga
japonica) and 3 in eastern Asia (including Chinese Douglas-fir, Pseudotsuga sinensis). All species look
alike microscopically. The North American species is P. menziesii, known as Douglas –Fir or Oregon
Pine, although it is not a True Pine (Pinus sp.). There are two recognized subspecies of Douglas-fir: coast
Douglas-fir [P. menziesii (Mirb.) Franco ssp. menziesii] and Rocky Mountain Douglas-fir [P. menziesii ssp
glauca (Biessn.) Franco]. The range of Douglas-fir extends from the Rocky Mountains to the Pacific Coast
and from Mexico to central British Columbia. Douglas-fir lumber harvesting occurs in the Coast States of
Oregon, Washington, and California, and the Rocky Mountain States. Douglas-fir is named for Henry
Douglas (1798-1834), a Scottish botanist who traveled in North America. The word Pseudotsuga means
“false hemlock and menziesii is used in recognition of Archibald Menzies (1754–1842), a Scottish
physician and naturalist, who discovered Douglas-fir in 1793 on Vancouver Island, British Columbia.

Modified from Elbert Little Jr. USDA Forest Service.
Keruing or Apitong (Dipterocarpus spp./ Dipterocarpaceae) is composed of over 70 species,
which are marketed collectively. They occur throughout Indo-Malaysia and those from Malaysia are the
most variable in physical and mechanical properties. Other common names include; Eng, In (Burma),
Yang, Heng (Thailand), Lagan, Keroeing (Indonesia), Dau (Vietnam, Cambodia) and Gurjun (India). The
tree characteristics are variable within this genus, but they commonly reach heights of 100 to 200 ft with
clear, cylindrical boles 70 ft long; trunk diameters 3 to 6 ft, commonly with a small buttressed base.
The heartwood varies from light to dark red brown or brown to dark brown, sometimes with a
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Keruing or Apitong (Dipterocarpus spp./ Dipterocarpaceae) is composed of over 70 species,
which are marketed collectively. They occur throughout Indo-Malaysia and those from Malaysia are the
most variable in physical and mechanical properties. Other common names include; Eng, In (Burma),
Yang, Heng (Thailand), Lagan, Keroeing (Indonesia), Dau (Vietnam, Cambodia) and Gurjun (India). The
tree characteristics are variable within this genus, but they commonly reach heights of 100 to 200 ft with
clear, cylindrical boles 70 ft long; trunk diameters 3 to 6 ft, commonly with a small buttressed base.
The heartwood varies from light to dark red brown or brown to dark brown, sometimes with a
purple tint; usually well defined from the gray or buff sapwood. The texture is moderately coarse. The
grain is straight or shallowly interlocked. It has a low luster and a strong resinous odor when freshly cut.
The resin exudation may be troublesome and its silica content is variable, generally less than 0.5%.
Its basic specific gravity (ovendry weight/green volume) is generally 0.57 to 0.65 and its air-dry
density is 45 to 50 pounds per cubic foot (0.64 – 0.94 g/cc), but both can vary widely.
It dries slowly often with considerable degrade due to checking and warp and sometimes collapse.
Resin exudation is common, particularly at high temperatures. Kiln schedule T3-D2 is suggested for 4/4
stock and T3-D1 for 8/4. Shrinkage green to air dry: radial 2.5 to 5.5%; tangential 7.5 to 11.5%. Movement
in service is medium to large.
Keruing generally saws and machines well, particularly when green. Blunting of cutters is
moderate to severe due to silica content and it is sometimes difficult to glue. Resin adhering to machinery
and tools may be troublesome and also interfere with finishes. Its durability varies with species, generally
classified as moderately durable, but the heartwood is susceptible to termite attack. However, silica content
may be high and resistance to marine borers is erratic.
The sapwood and heartwood are both rated
as moderately resistant to preservative treatments using either open tank or pressure systems.
Keruing is used for general construction work, framework for boats, flooring, pallets, chemical processing
equipment, veneer and plywood. It is suggested for railroad crossties if treated with preservatives.

Moisture content
Green (3)
12%
Green (1)
12%

Mechanical Properties: (2-in. standard)
Bending strength Modulus of elasticity Maximum crushing strength
Psi
1,000 psi
Psi
8,500
1,750
4,050
2,510
8,600
16,700
1,710
5,690
11,900
2,080
19,900
10,500

The Janka side hardness about 1,520 lb for dry material, while the Forest Products Laboratory
toughness factor is 240 in.-lb for green material (2-cm specimen).
Additional Reading:
1. Burgess, P. F. 1966. Timbers of Sabah. Sabah For. Rec. No. 6.
2. Farmer, R. H. 1972. Handbook of hardwoods. HMSO. London.
3. Lauricio, F. M. and S. B. Bellosillo. 1966. The mechanical and related properties of Philippine
hardwoods. The Lumberman 12(5):66+A-H.
4. Pearson, R. S. and H. P. Brown. 1932. Commercial timbers of India. Gov. of India Central Publ. Br.
Calcutta.
Modified from: Chudnoff, Martin.1984. Tropical Timbers of the World. USDA Forest Service. Ag.
Handbook No. 607.

We appreciate your business!
Best Regards!
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2. Farmer, R. H. 1972. Handbook of hardwoods. HMSO. London.
3. Lauricio, F. M. and S. B. Bellosillo. 1966. The mechanical and related properties of Philippine
hardwoods. The Lumberman 12(5):66+A-H.
4. Pearson, R. S. and H. P. Brown. 1932. Commercial timbers of India. Gov. of India Central Publ. Br.
Calcutta.
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Handbook No. 607.
Alden Identification Service Report_

We appreciate your business!
Best Regards!

Harry A. Alden

255

Hotel Comercio Wood Identification

Lima, Peru

Joseph R. Loferski’s Report_

256

Index
A
adobe, 6, 7, 8, 17, 19, 20, 23, 26, 27, 28, 29, 67, 81, 82, 88, 90, 91, 92, 104, 106
ant, 19
B
bacteria, 34
bamboo, 24, 25
biodeterioration, 30, 33, 34, 42, 57, 58, 59, 64, 90, 111
brown‐rot, 36, 111
C
cane, 19, 20, 24, 29, 88
cellulose, 36
channels, 41
climate, 10, 19
colonial, 3, 17, 18, 21, 105
Colonial, 1, 6
colonial architecture, 18
Colonial architecture, 1
Cordano, 67, 71, 72, 73, 74, 79, 80, 82, 83, 89, 90
crack, 31, 45
deflection, 53
detachment, 90, 91, 92
E
earthquakes, 4, 15, 21, 22, 45, 46, 47
exit hole, 34, 39, 40, 41, 55, 65, 111
F
fracture, 42
fragmentation, 44
frass, 32, 34, 39, 40, 41, 55, 65, 91, 111
fruit body, 35
fungal stain, 36
fungi, 31, 34, 35, 36, 37, 43, 60, 62, 63, 64, 111
fungus, 36, 61, 62, 64, 112
galleries, 40, 41
grain, 36, 96
growth test, 61
heartwood, 41, 43, 97
hemicellulose, 36
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Historic Centre, 1, 6, 19, 26, 67, 83, 105, 109
holography, 59
Hotel Comercio, 5, 6, 8, 38, 53, 67, 70, 72, 75, 77, 80, 81, 82, 83, 84, 85, 86, 87, 93, 94,
97, 98, 99, 100, 101, 102, 105, 106, 108, 109, 110, 111
huasca, 26
huascas, 20, 28, 89
hypha, 35
hyphae, 36
I
infrared thermography, 59
insect, 43, 55, 60, 64, 66, 94, 109, 110, 111
insect identification, 94, 110
L
larvae, 39, 40, 41, 65, 66, 112
lignin, 36
Lima, 1, 2, 3, 4, 6, 7, 9, 10, 11, 12, 13, 14, 16, 17, 19, 21, 22, 24, 26, 29, 34, 36, 42, 45,
46, 47, 48, 51, 67, 72, 77, 80, 81, 82, 83, 86, 105, 106, 109, 110, 111
M
microscopy, 59, 111
Ministry of Culture, 7, 8, 77, 82, 83
Modified Mercalli Intensity Scale, 47
moisture, 34, 36, 37, 39, 40, 41, 42, 43, 52, 56, 109
moisture content, 34, 37, 39, 40, 41, 42, 43, 56, 109
mud, 19, 20, 23, 25, 29, 88, 89, 90, 91
mycelium, 33, 35, 61, 62
natural durability, 107
organism, 32, 34, 35
oxygen, 34
P
pilodyn, 56, 57
plaster, 22, 25, 29, 88, 90, 91, 92
preservatives, 35, 45, 107, 112
punta, 28
quincha, 4, 6, 7, 8, 9, 17, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 67, 82, 88, 90,
91, 92, 106, 108
R
radiography, 59
reed, 19
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Republican architecture, 6
resistograph, 56, 57
S
sapwood, 34, 40
seismic activity, 27, 28, 29, 46, 106
seismic movement, 20, 45
spore, 36
spores, 35, 62
stain, 37, 62
strands, 33
surface mold, 36
tectonic plates, 9, 45
temperature, 35, 39, 43
termites, 39, 41, 65, 110
tomography, 59, 60
V
Vallejo, 67, 72, 74, 80, 82, 89
Viceroyalty, 1, 14, 15, 16, 17, 29, 78, 84
W
warp, 27, 44
water infiltration, 109
weathering, 33, 35
white‐rot, 36, 37, 62, 111
wood, 6, 7, 8, 9, 19, 20, 23, 24, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 39, 40, 41,
42, 43, 44, 45, 51, 53, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 72, 73, 88, 90, 91,
92, 93, 95, 96, 97, 101, 103, 105, 107, 108, 109, 110, 111, 112
wood decay, 30, 109
wood destroying insect, 110, 112
wood destroying organisms, 34, 111
wood deterioration, 30, 34
wood identification, 93, 94, 96, 103, 107
wood samples, 6, 64, 93, 95, 110
wood surface, 34, 37
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